





INTRODUCTION

This manual contains information for operation, inspection and maintenance of the Mitsubishi Engines.

Please read this manual carefully to understand the operation, inspection and maintenance procedures in order to
use the engine properly.

Failure to follow directions in this manual can lead to serious accidents.
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INTRODUCTION

Limited Warranty

The manufacturer, at its option, will repair or replace any parts returned intact to the manufacturer only when the
manufacturer, upon inspection, determines to be defective in material and/or workmanship.

The foregoing shall constitute the limited warranty provided by the manufacturer,

The manufacturer will provide the limited warranty only to the user with whom the manufactt_ii'er concludes the orig-
inal contract, and shall not provide the limited warranty to a user to whom the ownership of the product may be
transferred. ‘

* The manufacturer makes no warranties, either express or implied, except as provided in this
manual, including without limitation thereof, warranties as to marketability, merchantability, fit-
ness for a particular purpose or use, or against infringement of any patent. »

* The manufacturer will not be liable for any damages or consequential damages, including with-
out limitation thereof, damages or other costs resulting from any abuse, misuse, misapplication
of the engine and devices supplied by the manufacturer.

* The manufacturer will not be liable for any damages or personal injuries resuiting from any mod-
ification, without the manufacturer's written permission, of the engine and devices supplied by
the manufacturer.

* The manufacturer will not be liable for any damages or production losses caused by the use of
fuel, engine oil and/or long life coolant that are not recommended by the manufacturer.
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“Important Information

» To avoid potential hazard, accident prevention activ-
ities must be planned methodically and conducted
continually by considering all aspects of engine
operation, maintenance and inspection.

Everyone including managers and supervisors

should actively participate, recognize one's role and
organize oneself and one's work to ensure a safe v
environment. '

* The foremost safety objective is to prevent acci-

dents which could result in injury or death, or dam-

age equipment.

Observe all related federal/national and local codes

and regulations to reduce the possibility of personal

injury.

» The manufacturer cannot foresee all potential dan-
ger of the engine, potential danger resulting from
human error and others, or danger caused by a spe-
cific environment in which the engine is used.

- Since there are many actions that cannot be per-
formed or must not be performed, it is not possible
to indicate every caution in this manual or on warn-.
ing labels. As such, it is extremely important to fol-
low directions in this manual and also to take
general safety measures when operating, maintain-
ing and inspecting the engine.

This manual has been prepared for people whose
native language is English. When the engine is used
by individuals whose native language is not English,
the customer is requested to provide thorough
safety guidance to the operators. Also add safety,
caution and operating signs that describe the origi-
nal warning label statements in the native language
of the operators.

The engine must be operated, maintained and
inspected only by qualified persons who have thor-
ough knowledge of engines and their danger and
also received danger avoidance training.

To prevent occurrence of an accident, do not
attempt to carry out any operation other than those
described in this manual, or to use the engine for
any unapproved purpose.

» When the ownership of the engine is transferred, be
sure to provide this manual with the engine to the
new owner. Also inform the manufacturer of the
name and address of the new owner of the engine.

» This manual is copyrighted and all rights are
reserved. The drawings and technical reference,
including this manual, may not,.in whole or in part,
be duplicated, photocopied, translated, or repro-
duced in any electronic medium or machine read-
able form without prior written consent from the
manufacturer. ‘

The contents in this manual are subject to change

without notice for improvement of the engine.

* Your engine may differ from the photographs and
figures in this manual. ' ‘

* Please note that, depending on specifications, items
described in this manual may differ from those on
your engine in shape, or may not be installed on
your engine.

* If you need more détailed information or have ques-
tions, contact a Mitsubishi dealer.

* If this manual is misplaced, obtain a new copy from
a Mitsubishi dealer as soon as possible. v
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Warnings

The following two methods are used to call the attention of the operators and maintenance personnel to the poten-
tial danger of the engine.

* Waming statements in the manual

* Warning labels affixed on the engine

Warning Statements

The warmning statements in this manual describe potential danger in operating, inspecting or maintaining the engine
by using the following five classifications to indicate the degree of potential hazard. Failure to follow these dlrectlons
can lead to serious accidents which can result in personal i injury, or death in the worst case.

4 DANGER

Indicates a highly hazardous situation which, if not avoided, can result in death or seri-
ous injury.

Indicates a potentially hazardous situation which, if not avoided, can result in death or
serious injury.

A CAUTION ... Indicates a potentially hazardous situation which, if not avoided, can result in minor or
I moderate injury.
- CAUTION = Indicates a potentially hazardous situation which, if not avoided, can result in property
; damage.

Note _ Indicates important information or information which is useful for engine operation.
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Explanation of Terms

Abbreviations, Standards and Others '

+ API| = American Petroleum Institute

» ASTM = American Society for Testing and Materials
+ JIS = Japanese Industrial Standards

+ MIL = Military Specifications and Standards (U.S.)

* MSDS = Material Safety Data Sheet

» SAE = Society of Automotive Engineers (U.S.)

» LLC = Long Life Coolant

Units of Measurement

Measurements are based on the International System of Units (S1), and they are converted to the metric system
units in this manual based on the following conversion rates.

* Pressure: 1 MPa = 10.197 kgf/cm?

- » Torque: 1 N-m = 0.10197 kgf-m

+ Force: 1 N = 0.10197 kgf

» Horsepower: 1 kW = 1.341 HP = 1.3596 PS

* Meter of mercury: 1 kPa = 0.7 cmHg

* Meter of water: 1 kPa = 10.197 cmH20 (cmAq)

* Engine speed: 1 min™ =1 rpm : .
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Chapter 1

BASIC SAFETY PRECAUTIONS

AWarning Fire and Explosion

Keep flames away

Store fuel and engine oil in a

well-ventilated area.

Make sure that the caps of fuel

and engine oil containers are

tightly closed, and store them in

the designated site. ‘

Do not use flames or smoke where fuel or oil is han-
dled or cleaning solvent is used for washing parts.
Spilled fuel, oil and LLC should be wiped immediately

and thoroughly. Spilled fuel, oit and LLC can lgnlte and'

cause fire.

Keep engine and surrounding area
clean

Keep the engine and the surrounding area free of .
dust, dirt and foreign materials, since they can cause
fire or the engine to overheat.

Clean the top surface of the battery after performing

maintenance work. Dust on the battery may cause a -

short-circuit. ‘

The engine must be used at least 1 m [3.3 ft.] away
from buildings and other equipment to prevent possi-
ble fire caused by engine heat.

Never open crankcase until engine
cools

If the cover is 'opened while the engine is still hot,
fresh air comes into crankcase and oil mist can be
ignited by engine heat, then it may lead to the explo-
sion of the engine.

Never open the engine crankcase cover before the
engine becomes cool, wait at least 10 minutes after
the engine stops.

Check for fuel, oil and exhaust gas
leaks

Inspect fuel, oil and exhaust pipes regularly for dam-
age and looseness. If a fuel, oil and exhaust gas leak
is found, repair the leakage immediately.

Fuel or oil spilled on a hot surface of the engine, and
exhaust gas blown onto a combustible material may
cause fire and result in personal injury and/or damage
to equipment.

Use flameproof light

When inspecting fuel, engine oil, coolant, battery elec-
trolyte, etc., use a flameproof light. An ordinary I|ght
may ignite and cause an explosion.

Do not short electrical wires

Before inspecting or servicing any electrical compo-
nent, disconnect the ground cable from the negative (-
) battery terminal to prevent short-circuit and fire.
Loose terminals or damaged cables/wires can cause
a short-circuit that may result in fire. Before operating
the engine, inspect the cables and wires, and repair or
replace if necessary.

Keep fire extinguishers and first-aid kit
nearby :
Keep fire extinguishers nearby, and
be familiarized with their usage.
Keep a first-aid kit at the designated
place, and make sure it is easily
accessible at anytime. ’
Establish response procedures to
follow in the event of fire or accident, and post infor-
mation conceming emergency contact locations and
their contact methods.

1-1




Chapter 1 BASIC SAFETY PRECAUTIONS

AWarning Stay Clear of All Rotating and Moving Parts

Install protective covers on rotat-
ing parts

Make sure the protective covers of
the engine are correctly installed.
Repair any damaged or loose cov-
ers.

When the engine is coupled to
other equipment or the radiator,
install protective covers on the exposed connecting
belt and coupling.

Never remove protective covers for rotating parts such
as the damper cover, camshaft cover or rocker cover
while the engine is operating.

Check surrounding area for safety
Before starting the engine, check to make sure no one
is near the engine and tools are not left on or near the
engine. Verbally notify persons within the immediate
area when starting the engine.

When the starter device is posted with a sign that pro-
hibits startup operation, do not operate the engine.

Stay clear of all rotating and moving
parts while engine is operating

Do not approach rotating and moving

parts (output shaft, flywheel, fan beits

and pulleys) of the engine while the

engine is in operation.

Rotating parts can entangle your body

or tools and result in serious injury.

Keep items that can be easily entangled by rotatmg '
parts away from the engine.

If your body or tool contacts rotating and moving parts,
serious injury may occur as a result.

Lock out and Tag out

Be sure to lock out and tag out before starting inspec-
tion and maintenance.

Lockout and tagout are effective methods of cutting off
machines and equipment from energy sources.

To lock out and tag out, pull out the key from the
starter switch, turn off the battery switch, and post a
tag on the starter switch indicating “Do Not Operate.”
The starter key switch should be kept by the person
performing the inspection and maintenance.

For the air starter system, close the main valve of the
air tank, and post a tag indicating “Do Not Open the
Valve.”

Always stop engine before inspection
and maintenance ,

Be sure to stop the engine before conducting inspec-
tion and maintenance. Never attempt to adjust the
engine parts while the engine is running. Conducting
inspection and maintenance on an operating engine
can result in a serious accident of entanglement by
rotating parts.

Always return turning tools to ongmal
position

Be sure to remove all tumning tools used during main-
tenance and inspection.‘

Starting the engine with the turning tools inserted or
turning gears engaged may not only cause engine
damage but personal injury. as well.
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AWarning Be Careful of
Burns

Do not touch engine during operation
or immediately after operation ‘

Do not touch the main and exhaust o

parts of the engine during operation *
or immediately after operation to pre-

vent burns. W
To conduct maintenance and inspec- ;
tion, wait until the engine cools sufficiently as indi-
cated with the temperature gage.

Open radiator filler cap carefully

Never open the radiator filler cap while the engine is
operating or immediately after it is stopped.

The engine coolant is hot during engine operation and
ifnmediately after operation. If the radiator filler cap is
opened when the coolant is at operating temperature,
steam and hot coolant may blow out, causing skin
burns as a result. -

When opening the cap, stop the engine and allow the
coolant temperature to drop sufficiently. Cover the cap
with a cloth or use thick rubber giove, and then slowly

open the cap.
When closing the cap, be sure to tighten securely.

Add coolant only after coolant tempera-
ture drops '

Do not add coolant immediately after the engine
stops. Wait until the coolant temperature lowers suffi--
ciently to prevent burns.

. Do not dismount heat protection covers
The high-temperature exhaust components are
installed with heat protection covers. Do not dismount
these heat protection covers. If they must be removed
during inspection and maintenance, be sure to rein-

stall them after completing the inspection and mainte-

nance.

AWarning Be Careful of
Exhaust Fume Poisoning

Perform engine operation in a well-ven-
tilated site

Exhaust gas from the engine con-
tains carbon monoxide and other
harmful substances.

Do not operate the engine in an
enclosed area (inside a warehouse,
tunnel, etc.) or in a site where all
sides are blocked, since exhaust fumes can cause
gas poisoning.

If the engine must be operated in an enclosed area,
discharge the exhaust gas to the outside and provide
adequate ventilation. \

Connect an exhaust duct to the exhaust pipe to lead
exhaust gas to the outside, and make sure exhaust
gas does not leak from the duct joints.

Make sure the exhaust gas does not blow in the direc-
tion of plants or animals.

AWarning Protect Ears
from Noises |

‘Wear earplugs

Be sure to wear earplugs when
entering into the engine room. The
earplugs can be quite useful to pro-
tect ears from various engine
noises.
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AWarning Be Careful
When Lifting Engine

Lifting engine carefully

To lift the engine, use slings capable of

supporting the weight of the engine.

Attach appropriate slings to the hang-

ers on the engine. , ,

Keep the engine balanced during lift-

ing by considering the center of gravity

of the engine. ;

Keep the angle formed by slings attached to hangers
within 60°. If the angle exceeds this limit, excessive
load is applied on the hangers and may damage the
hangers.

If wire ropes contact the engine, place a cloth or other.

soft padding to prevent damage to the engine and
wire ropes.

Do not climb onto engine

Never climb onto the engine.

To work on parts located on the upper section, use a
ladder, stand, etc.

Always watch your footing
Use a stable work platform to ‘
stand on when working on the

upper part of the engine and

other hard-to-reach places.

Standing on a decrepit stand or

parts box may resuilt in personal
injury.

Do not put obstacles on the stand.

'ACaution Be Careful of

Handling Engine Oil and
LLC

Use only specified fuel, engine oil and
coolant (LLC)

Use fuel, oil and LLC specified in this manual, and
handle them carefully.

Use of any other fuel, oil or LLC, and improper han-
dling may cause various engine problems and mal-
functions.

Obtain the MSDSs issued by the fuel, oil and LLC
suppliers, and follow the directions on the MSDSs for
proper handling.

Handle LLC carefully

Wear safety mask and rubber gloves when handhng
LLC. Avoid contact with skin and eyes to prevent per-
sonal injury. :
Should LLC be accidentally swallowed, induce vomit-
ing immediately and seek medical attention. ,
Should LLC enter eyes, flush immediately with plenty
of water and seek medical attention. If LLC is spilled
on skin or clothes, wash immediately with lot of water.
Keep flammable materials away from LLC to prevent
fire. Never use flames or generate sparks near LLC
since flames or sparks can cause fire.

Drained LLC is harmful. Do not dispose of into con-
ventional sewage. Contact a Mitsubishi dealer for the
dlsposal of drained LLC.

Properly dispose of drained oil and LLC ,
Do not dispose of engine oil, used cleaning oilor LLC
into conventional sewage:.

Prepare drip pan or other containers to receive oil and
LLC drained from the engine. Do not drain them
directly onto the ground.

For disposal of drained oil and LL.C, consult a Mitsub-
ishi dealer.
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A Caution Service Bat-
tery

Handle battery carefully

* Batteries release flammable

hydrogen gas and oxygen.

Never use flames or generate

sparks near the battery since

flames or sparks can cause'an

explosion.

Do not use the battery when the fluid surface is
lower than the minimum required level. Using a bat-
tery with a low electrolyte level can result in an
explosion.

Do not short the battery terminals with a tool or
other metal object.

 When disconnecting battery cables, remove the
cable from the negative (-) terminal first. When
reconnecting cables, attach the cable to the positive
(+) terminal first.

Charge the battery in a well-ventilated area, with all
filling hole plugs removed.

Make sure the cable clamps are securely installed
on the battery terminals. A loose cable clamp can
cause sparks that may result in an explosion.
Before servicing electrical components or conduct-
ing electric welding, set the battery switch to the
[OFF] position or disconnect the cable from the neg-
ative (-) battery terminal to cut off the electrical cur-
rent. '
Electrolyte contains dilute sulfuric acid. Careless
handling of the battery can cause loss of sight and
burns.

Wear safety goggles and rubber gloves when work-
ing with the battery (replenlshment of fluid, chargmg,
etc.) ~

If electrolyte is spilled on skin or clothes, wash
'immediately with lots of water. Then, use soap to
clean thoroughly. ‘

if electrolyte enters eyeé, flush immediately with lots
of fresh water and see a physician as soon as possi-
ble. ‘

Should you accidentally swallow electrolyte, gargle
with plenty of water, then drink lots of water. Consult
a physician immediately.

.

.

/\ Caution When Abnor-
mality Occurs

If engine overheats, conduct cooling
operation before stopping engine

If the engine overheats, do not stop the engine imme-
diately. Abrupt stopping of an overheated engine may
cause the coolant temperature to rise, resulting in
seizing of the engine. If the engine overheats, operate
the engine at low idling speed (cooling operation), and
stop the engine after the coolant tempera’u}’re lowers
sufficiently.

Do not add coolant immediately after stopping the
engine. Adding coolant to a hot engine may cause
damage to the cylinder head from sudden change in
temperature. Add coolant gradually after the engine
cools to room temperature.

If engine stops due to abnormality,
exercise caution when restarting

If the engine stops due to an abnormality, do not
restart the engine immediately. If the engine stops with
an alarm, check and correct the cause of the problem
before restarting. Operating the engine without cor-
recting the problem may result in serious englne prob-
lems.

If oil pressure drops, stop engine imme-
diately

If the engine oil pressure decreases, stop the engine
immediately, and inspect the lubricating system
including the oil level and pump. Operating the engine
with low oil pressure may cause selzmg of beanngs
and other parts.

If V-belt breaks, stop engine |mmed|-
ately

If the V-belt breaks, stop the engine immediately. Con- .
tinued operation of the engine without the V-belt will
cause the alternator to stop working.

Continued operation of the engine without the V-belt in
place causes coolant to change into steam and blow
out, thus resulting in burns.
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ACaution Other Cautions

Never modify engine

Unauthorized modification of the engine will void the
maker’'s warranty.

Modification of the engine may not only cause engine
damage but may result in personal injury as well.

If there is a need to modlfy the engine, please contact
a Mitsubishi dealer.

Never break seals

To ensure proper engine operation, the fuel control

links are attached with seals that prevent accidental

change of the injection volume and rotation speed set-

tings. Operating the engine without these seals in

place can result in the following problems, and also

invalidates the warranty.

* Rapid wear of moving and rotating parts

* Engine damage such as seizing of engine parts

* Increased consumption of fuel and lubricating oil

* Degradation of engine performance due to improper
balance between fuel mjectlon volume and governor
operation.

Perform all specified pre-operation
inspections and periodic inspections
Conduct the pre-operation inspections and periodic
inspections as described in this manual.

Failure to conduct the specified inspections may
cause various engine problems and damage to parts,
as well as serious accidents.

Perform engine break-in :
Break in a new engine by operating it with a light load
and at a speed lower than normal during the first 50
hours of operation. ,
Operating a new engine under high load or severe
conditions during the break-in period can shorten the
service life of the engine.

Warm up engine before use

Let the engine idle for 5 to 10 minutes before using the
engine for work. .

Warm-up operation circulates lubricants in the engine
and contributes to a longer service life and economi-
cal operation.

Do not conduct warm-up operation for an extended
period of time. Prolonged warm-up operation causes
carbon build-up in the cylinders that leads to incom-
plete combustion.

Never operate engine under overload
condition

Do not operate the engine if the exhaust smoke is
black.

Overloading the engine (indicated by black smoke)
causes not only high fuel consumption but also exces-
sive carbon deposits inside the engine. Carbon
deposits cause various problems and can shorten the
service life of the engine. :

Conduct cooling operatlon before stop-
ping engine

Before stopping the engine, let it idle at low speed for
5 to 6 minutes to cool.

Stopping the engine immediately after hlgh-speed
operation can cause engine parts to heat up and
shorten the service life of the engine.

During cooling operatlon check the engine for abnor-
malities. :

Do not splash water on engine

Do not allow rainwater, etc., to enter the engine
through the air inlet or exhaust openings.

Do not wash the engine while it is in operation, since
the engine may suck in the cleaning fluid (water). If
the engine is started with water inside the combustion
chambers, water hammer action can damage the
engine and result in serious accidents.
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Conduct proper maintenance of air
cleaner
The major cause of abnormal wear on engine parts is
dust entering with intake air. Womn parts result in an
increase of oil consumption, decrease of output, and
starting difficulties. Conduct maintenance of the air
cleaner according to the following directions to ensure
optimum air filtering performance.
* Do not conduct maintenance of the air cleaner while
the engine is operating.
Without the air cleaner in place, the turbocharger
can suck foreign particles into the engine, decrease
the load immediately so that the engine operates at
appropriate output and load.
* When removing the air cleaner, do not allow dust
attached on the air cleaner to enter into the engine.
If equipped with a dust indicator, conduct mainte-
nance only when the clog warning sign appears.
While servicing the air cleaer, do not let dust enter
into the air cleaner, damage or deform the element.

Observe safety rules at workplace
Observe the safety rules established at your work-
.place when operating and maintaining the engine.
Do not operate the engine if you are feeling ill. Opera-
tion of the engine with reduced awareness may cause
accidental operations that may result in accidents. In -
such case, you should inform your supervisor of your
condition. :
When working in a team of two or more persons, use
specified hand signals to communicate among the
workers.

Wear proper work clothes and protec-
tive gear

Wear the work clothes specified by your workplace.
Wear a hardhat, face shield, safety shoes, dust pro-
tective mask, gloves and other protective gear as
needed.

When handling compressed air, wear safety goggles,
hardhat, gloves and other necessary protective gear.
Compressed air may cause personal injury when not
wearing the proper protective gear.

Use appropriate tools for maintenance
work

Use appropriate tools according to the type of mainte-
nance work, and use them correctly.

If tools are damaged, replace with new tools.

Do not operate starter for prolonged -
time S

Do not use the starter for more than 10 seconds at a
time. If the engine does not start, wait for at least 30
seconds before cranking again.

Continuous operation of the starter will cause draining
of the battery as well as the starter to seize.

Do not turn off battery switch while
engine is operating

Do not tumn off the battery switch while the engine is in
operation. :

Turning off the battery switch while the engine is in
operation not only stops the instrument operations but
also damages the electronic devices on.the secondary
side.

Cautions concerning transportation

 When transporting the engine using a truck, consider

the engine weight, width and height to ensure safety.
Abide by the pertinent laws and regulations.
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ACaution About Warning Labels

Maintain and inspect warning labels

‘Make sure all warning labels are legible.

If the description and/or illustration on a warning label cannot be seen clearly, clean or replace the label.

To clean warning labels, use a cloth, water and soap. Do not use solvents, gasoline or other chemicals to clean
warning labels. Cleaning with chemicals may cause the labels to peel off. ’

If warning labels are damaged or missing, replace with new labels. _

If a part of the engine with warning label is replaced with new part, also attach new warning label to the new part.
To obtain replacement warning labels, contact a Mitsubishi dealer.

Warning labels

TURNING CAN 0IL MIST 1S
ROTATING PARTS. )% CAUSE SEVERE \\ﬂ/ 2 FLANMABLE AND
%%cm CAUSE SEVERE LY® PERSONAL INJURY. [4 EXPLOS I VE.

PERSONAL INJURY,

® BE SURE NO DANGER '
AROUND MOVING PARTS DO _NOT OPEN
o KEEP AWAY FROM ROTATING BEFORE TURNING. . INSPECTION COVER
FLYWHEEL. o KEEP TURNING DEVICE WITHIN 10 MINUTES
e DO NOT OPERATE WITHOUT OR BAR IN b‘l‘O'\ngTP&SUSE AFTER ENGINE STOP.
FLYWHEEL COVER. .
\ - H C R 45A93'5"DDJ \ - ‘SAM.S‘Z‘NJ B \— 45A93-513WJ
: Y
HIGH PLACE MAY VOLTAGE MAY CAUSE
CAUSE FALLING. ELECTRIC SHOCK. L
® BE CAREFUL WHERE YOU * TURN OFF POWER BEFORE °
STEP ON SCAPFOLE. CHECKING OR MAINTENANCE.
* DO NOT TOUCH ANY ELECTRIC
e DO NOT PUT ANY IMPROPER EQUIPMENT WHEN POWER IS ON, © BE CAREFUL OF ROTATING
MATERIALS ON ENGINE. AND ® DO NOT OPERATE WITH DOOR
SCAFFOLD. AND PROTECTIVE COVER OPEN. O AT NGERS NEAR
L 45‘93'5“DDJ \ 45A93'515°U "

\\— ISAQS-SOTOU

\ N
CAUSE BURNS.
; ® D0 NOT REMOVE RADIATOR

A CAP UNDER HOT CONDITIONS.

45A93-50600

o HOT WATER MAY
-8

PERFORM éAF Y MAINTENANCE

i
ll WITH REFERENCE 10 OPERATION AND
L.l MAINTENANCE WANUAL. 1051000

o/
) A

® BE CAREFUL OF ROTATING
BELT.

® DO NOT PUT FINGERS NEAR
ROTATING BELT.
(- 45;93—50@

HOT SURFACES.

b o MAY CAUSE BURN.

gftflln; | @ HOT SURFACE MAY CAUSE BURNS.
o DO NOT TOUCH HOT SURFACE.

A5A93-50800

fig.1~1 Wa_rning labels
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Engine External Diagrams

The external diagram is for standard type of the engine.
The installed equipment and shapes differ on the engine type.

Left View
Qil cooler
Thermostat case Hanger ' Hanger
‘Turbochargers
Breather._| | © = Air inlet
[=]
A | _8 __ 8 8 B
d 3 Fuel injection pump *
- 1
. )
/ §
Fan el g  Water drain cock
D [
amper ° oo 7 Fuel feed pump
Bypass oil filter Starters
Oil filters Fuel return pipe joint
Fuel inlet pipe joint
fig.2-1 Left view
Right View
Hanger Fuel filters
Exhaust gas outlet Hanger .
Turbochargers — ; |- Thermostat case
Air intet e T N
8 _a8 o _8 8 __ .°
- Stop solenoid 5 !L rﬂ ] | Alternator
i i g ‘
. [Front]
. Q) " TWater pump
Wi ) —1 | I N
ater drain cock™ [of © ™ Water inlet
- —— L] pipejoint
o 0
Fuel injection pump i 2 Oil pump
/ g Qil pan
Fuel feed pump Oil cooler

fig.2-2 Right View
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Equipment and Instrument

Starting and Shutdown Devices
The shape and type of the starting and shutdown
devices may vary from those described below
depending on the engine specifications.

Start Switch

When the start Switch on the operation panel is
pressed, starting air is supplied to the air starter Sys-
tem and cranks the engine.

Stop Switch

. When the stop switch on the operation panel is

pressed, the shutdown cylinder operates and moves
the control shaft of the fuel injection pump to the no-
injection position to shut down the engine operation.

Manual stop lever

Use the manual stop lever to shut down the engine in
the event of an emergency.

If the starter switch fails to stop engine operatlon use

the manual stop lever.

When the lever is moved in the [STOP] direction, the
engine stops operation.

Should the engine continue operating even after the
manual stop lever is operated, cut off the fuel supply
to-stop the engine. ‘

Stop Solenoid

The stop solenoid operates for normal shutdown of
engine operation. The stop solenoid moves the
rack of the fuel injection pump to stop fuel injection,
thus shutting down the engine operation.

The "RUN-ON" type solenoid sets the start switch
to the "OFF" position by de-energizing the stop
solenoid and pushing the rod out by internal spring
power which makes the rack of the fuel injection
pump move to the non-injection direction.

fig.2-3 Start switch and stop switch

fig.2-4 Manual Stop Lever

fig.2-5 Stop Solenoid
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Instruments |
This section describes about devices which transmit signals to necessary instruments of the engine in operation.
Please read carefully and understand functions of each device

Qil Pressure Unit

The oil pressure unit is installed above the oil filter for
the detection of engine oil pressure.

Thermo Unit

The thermo unit is installed under the thermostat
cover for the detection of the temperature of engine
coolant.

Operating temperature range: 50 to 120 °C [122 to -
248 °F]

fig.2-7 Thermo Unit
Revolution Detection Pickup

The revolution detection pickup is installed on the fly-
wheel housing for the detection of engine speed.

fig.2-8 Revolution Detection Pickup
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Engine Protection Devices

The engine protection devices activate an alarm when an abnormality occurs in the engine in order to protect the
engine and prevent serious problems and accidents. When a protection device is activated, stop the engine, exam-
ine the cause of the abnormality, and take corrective measures. ‘

If the cause of the problem is unknown, contact a Mitsubishi dealer. -

Protection devices installed on the engine and their types (setting values) and shapes vary depending on the
engine specifications. The following describes the typical protection devices installed in a Mitsubishi engine.

Oil Pressure Switch

The oil pressure switch turns on and generates an Qil
alarm when the pressure of engine lubricating oil
drops below the preset level. The switch is activated
when the oil pressure becomes the entire engine
speed range.

Oil Filter Alarm Switch

The oil filter alarm switch turns on and generates an
alarm when oil filters become clogged.

The switch is activated when the pressure difference
before and after oil filters reaches the limit.
Immediately replace to new oil filter when the alarm is
generated and at the same time replace the engine
oil.

Thermo Switch

A thermo switch is installed to avoid overheating. -.);, =
The thermo switch generates alarm sound when the q = Y4
coolant temperature reaches specified level. : , T ~
| ORI 5
@ =920
< SO / )
e A [1e)— i
\\ Thermo switch / Vi

. fig.2-11 Thermo Switch
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Air Cleaner Indicator

When the air cleaner element is clogged, the indicator
alarms with its red signal. Be sure to clean the ele-
ment immediately when alarm signal is shown.

After cleaning, press the bottom on top of the indicator
to re-set the alarm signal. '

While serving the air cleaner, do not enter dust into the
air cleaner or damage the element.

fig.2-12 Air Cleaner Indicator
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Using Turning Gear

Before starting the engine, return (pull out) the turning gear to the original p .
ing gear pushed in not only damages the ring gear but also may result in personal injury.

1 Loosen the two bolts, and remove the plate from
the shaft groove.

2 Push in the shaft fully to engage it with the ring
gear. :

3 Turn the shaft using a socket wrench and a ratchet
handle.

4 After turning, pull out the shaft, insert the plate in
the shaft groove, and tighten the bolts.
Make sure the plate is securely inserted in the shaft
groove.

Plate

fig.2-13 Turning gear position (Engine in operation)

J

fig.2-14 Turning gear position (Shaft pushed in)

S ACAUTION

Make sure the plate is securely inserted in the shaft
groove.

2-6
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Socket

0

Ratchet

fig-2-15 Turning gear position (Turning shaft)
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Preparation for Operation of New or Overhauled Engine

Before operating a new or overhauled engine, do the following inspection. For second operation onward, do
the following normal operation outlined on page"Normal Engine Operation” (3-8) ‘

Fuel System
S T A CAUTON . T
When handling fuel, make sure there are no flames near the engine.

Wipe any spilled fuel completely. Spilied fuel can ignite and cause fire.

o WCAUTION. — - n

ng the fuel tank,

Use fuel specified in "Fuel" (4-2).

Pouring fuel

1 Make sure the insides of the fuel tank and fuel pipes are clean.

2 Pour fuel into the fuel tank. :

3 Remove the fuel feed pipe and drain plug from the fuel inlet of the engine, and check the discharged fuel for dust
particles.

4 Reinstall the drain plug and fuel feed pipe.

5 Add fuel until the fuel level gage indicates "FULL."

3-1
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Bleed the fuel system

When fuel overflows from the air vent plug, wipe thor-
oughly with a cloth. Spilled fuel is a fire hazard.
After bleeding, lock the priming pump cap seCurer. If
the cap is not locked tightly, the priming pump can be
damaged, causing fuel leakage that may lead to a fire.
To lock the priming pump cap, follow the procedure
described on the following page. '

Closing all air vent piugs before locking the priming
pump cap disallows the priming pump cap from
returning to the original position due to internal pres-
sure.

Bleed air from the location closest to the fuel tank that
are the fuel filters, then the fuel injection pump.

Fuel filters

1 Loosen the air vent plug on the fuel filter of the dou-
ble-filter system by rotating about 1.5 turns.

2 Loosen the priming pump cap by turning counter-
clockwise and move it up and down.

3 When there are no air bubbles in the fuel flowing
from the air vent plug, tighten the air vent plug to
the specified torque. ‘

4 Repeat the same procedure with the right fuel filter.

$ Repeat the same procedure with the fuel filters
located on the other side of the engine.

Fuel injection pump

1 Fuel injection pump
Loosen the air vent cock on the fuel injection pump
by rotating about 1.5 turns.

2 Move the priming pump cap up and down repeat-
edly. When there are no air bubbles in the fuel flow-
ing from the air vent cock, press down the priming
pump cap and turn the cap clockwise.

3 Tighten the air vent cock on the fuel injection pump.

3-2

[Unlock] [Prime] [Lock]
: Tum conterclockwise
i while pressing

Tum counterclockwise

fig.3-1 Using the priming pump

Air vent plug

Tightening torque
. 7.810 9.8 N-m
(0.8 to 1.0 kgf-m

fig.3-2 Fuel filters

Air vent plug

- fig.3-3 Fuel injection pump
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Priming pump cap tightening method

1 Turn the priming pump cap by hand until the force

required to turn the cap increases suddenly.

2 With the cap at the position described above, place

a mark on the cap.

3 Then, use a wrench or another appropriate tool to

tighten the priming pump cap 90+10°.

4 Check the cap to make sure that the head packing

is not protruding.

Note: If the head packing is protruding, loosen the
priming pump cap, check the packing to make
sure it is not damaged, then retighten the'prim-
ing pump cap.

If the head packing is damaged, the priming
pump or feed pump must be replaced. Contact
a Mitsubishi dealer.

- Position where

9011 0°

hand-tlghtemng

overtlghtened
(6=120° or more)

fig.3-4 Priming pump cap tightening method

T ACAUTION.

if the priming pump cap is not tightened firmly, internal
threads can wear quickly due to friction caused by
engine vibrations,v resulting in sudden ejection of the
priming pump cap to cause a fuel spill.

~ On the other hand, if the priming pump cap is tight-
ened with excessive force (turned 120° or more), the
head of the priming pump can become damaged.
To prevent such problems, be sure to turn the cap
the specified angle (90£10°).

Head packing

7~ N\

fig.3-5 Priming pump cap packing -
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Lubricating System

Pouring engine oil

1 Remove the cap from the oil filler located on the left
side of the engine.
Pour engine

2 Pour engine oil of the specified type.

Note: Regarding engine oil, refer to "Engine Oil" (4-4).

Regarding engine oil capacity, refer to "Main
Specifications" (10-1).

3 Check the oil pan and other parts for oil leaks.
Repair any oil leakage found.

4 Operate the engine oil priming pump to circulate oil
in the engine.

5 Remove the rocker cover, and make sure that oil is
supplied to the valve mechanisms.

6 Stop the priming pump. After about 30 minutes, add
engine oil until the oil level reaches the Maximum
line on the oil level gage.

7 Reinstall the cap on the oil filier.

8 The oil level should be between the MAXIMUM and
MINIMUM marks on the oil level gage.

If the oil level is low, add engine oil of the specified
type.

9 Check the oil pan and other parts for oil leaks.
Repair any oil leakage found.

10Crank the engine for about 10 seconds or less
using the starters, and wait for about 1 minute.
Repeat the above cranking operation several times
to circulate oil throughout the engine.

Oil filler

7
Oil level gage

1

> @O

fig.3-6 Qil filler and oil level gage

Camshaft
oil bath

fig.3-7 Pouring engine oil on valve mechanlsms
and chamber

_CAUTION

To crank the engine, shut off the fuel supply to the engine (keep the control rack of the fuel |nject|on pump in the

OFF position) and operate the starters.

When cont_juctmg the above cranking operation, also check the items to be inspected for the cooling system by

cranking.

11 Check the oil level with the oil level gage again, and add oil if necessary.
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Cooling System

Pouring coolant

1 Make sure the drain cocks on the engine and water

pump are closed firmly.

2 Remove the radiator cap, and pour undiluted LLC.

Note: Determine the amounts of LLC and water to be
poured by using the LL.C concentration chart.
Regarding coolant, refer to "Coolant” (4-5).
Regarding engine oil capacity, refer to "Main
Specifications” (10-1).

3 Pour water (soft water with minimal impurities, such

as tap water) slowly to the full level.

Note: For thorough removal of air, loosen the air vent
cocks on the upper sections of the air cooler
water pipes (right and left).

4 Check the radiator and other parts for coolant

leaks. If coolant leakage is found, repair.

5 When coolant reaches the full level, close the radia-

tor cap securely.

6 Crank the engihe for about 10 seconds or less
using the starters.

7 Wait for about 1 minute, then repeat the above
cranking operation several times to remove air from
the water pump. -

Left side - Right side

fig.3-8 Coolant drain cock on the engine

0 'CAUTION

To crank the engine, shut off the fuel supply to the
engine (keep the control rack of the fuel injection
pump in the OFF position) and operate the starters.
When conducting the above cranking operation,
also check the items to be inspected for the lubri-
cating system by cranking.

8 Check the coolant level in the radiator.
9 When the reserve tank is installed, pour coolant to
the [FULL] level.
Note: Always add coolant having the same LLC con-
centration.

fig.3-10 Radiator coolant level

. fig.3-11 Coolant level in reserve tank
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Checking Battery

pl yes, skin or clothes, wash immediately with plenty of water. If electrolyte enters the
eyes, flush immediately with lots of fresh water and see a physician. -
Do not use flames near the battery. When handling the battery, be careful of sparks generated by accidental short-
ing. ' ' :
Regarding other cautions in handling the battery, refer to "Caution Service Battery” (1-5).

Electrolyte level
Electrolyte evaporates during use and the fluid level
gradually decreases. The fluid surface should be
between the LOWER LEVEL and UPPER LEVEL
lines. If there are no level lines on the battery, make
sure that the fluid surface is about 10 to 15.mm [0.394
to 0.591 in.] above the top edges of the plate. if the
fluid level is lower, remove the caps and add distilled
water to the proper level.
Note: When pouring fresh electrolyte, pour the fluid
carefully.

|10 to15 mm
[0.394 to 0.591 in.]

fig.3-12 Inspecting electrolyte level

~lhspecting specific gravity of eléctro-

Ivte ELECTROLYTE
y ) FLOAT SURFACE
Check the specific gravity of the electrolyte. if the spe-
cific gravity measured at 20 °C [68 °F] is lower than a2
1.22, then charge the battery.
Tablg 3—-1 Specific gravity of electrolyte ELECTRG.
Specific gravity PR - LYTE
“at 20°C [68°F] c:ondmon 0 Rgmgdy, . .
GLASS TUBE
From1.26to1.28 | Ul 1 _
S : charged s :
From 1.220 1.26 Charged Charge fig.3-13 Inspecting specific gravity of electrolyte
Less than 1.22 - Discharged | Charge . :
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Test Operation
To conduct a test operation, follow the procedures below. ;
Note: Refer to "Normal Engine Operation” (3-8) to operate the engine.

Starting and stoppmg

1 Start the engine.

2 Operate the engine at low idling speed (600 to 650 min") under no load for 5 to 10 minutes for a warm-up opera-
tion.

3 Stop the engine.

Inspection

1 Do not operate the engine for 30 minutes.

2 During this period, check the engine and surrounding area for leakage of fuel, engine oil and coolant.
3 After the engine remains non-operative for 30 minutes, check the oil level with the oil level gage.

4 Ifthe oil level is low, add engine oil of the same brand and type through the oil filler.

5 Open the expansion tank cap, and check the coolant level.

Tk " ACAUTION TR
Remove the expansmn tank cap onIy after the engine cools to room temperature. Place a cloth over the cap, and
turn the cap about a half turn to release intemnal pressure. Opening the expansion tank cap while the engine is hot
causes steam and hot coolant to spray out, resulting in skin burns.

6 If the coolant level is low, add coolant to the specified level.

- CAUTION

Always add coolant havmg the same LLC concentratlon

7 When the reserve tank is installed, pour coolant to the [FULL] level.
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Normal Engine Operation

The following describes the procedures for operating the engine in normal operating condition.

e A CAUTIONT o
Should an engrne abnormahty be observed durrng operation, stop the engine and correct the problem or contact a
Mitsubishi dealer.

Preparations for Operation (Pre-Start Inspectron)

Always conduct the following inspection before starting the engine.

External Inspectron

A ﬁre can be caused by combustlble materrals placed near hot engrne parts (exhaust manrfolds and other exhaust
gas passages) or battery, fuel leaks, and oil leaks. Check the engine exterior carefully. If an abnormality is found, be
sure to repair or contact a Mitsubishi dealer.

Before starting the engine, clean the top surface of the battery with wet cloth.

Inspect the engine exterior as described below.

1 Make sure there is no combustible material near the engine or battery. Also, check to make sure the engine and
battery are clean.
If combustible materials or waste are found near the engine or battery, remove them.
2 Check the entire engine for leakage of fuel, engine oil coolant, If leaks are found, repair leakage or contact a Mit-
subishi dealer.
Check the electrical wiring including the starters and alternator.
4 Make sure the following valves, plugs and cocks
are open or closed properly:
Fuel feed valve:Open
Coolant drain cock (plug):Closed
Qil drain valve:Closed

(2]

fig.3-14 Checking valves for open/closed position
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Checking Fuel Level in Tank

When handling fuel, make sure there are no flames or heat source in the area.
Wipe any spilled fuel completely. Spilled fuel can ignite and cause fire.

T CAUTION
Do not remove the strainer when filling the fuel tank.

Use fuel specified in "Fuel” (4-2).

Check the fuel level if it is full.

If the fuel level is low, add fuel to FULL level in the level gage.

Checking Engine Oil Level

1 Check the oil level in the oil pan.

2 Puli out the oil level gage and wipe it with a cloth.

3 Insert the oil level gage fully into the oil level gage
guide, then pull out the gage again.

4 The oil level should be between the MAXIMUM and
MINIMUM marks on the oil level gage.

5 If the oil level is low, add engine oil of the specified 9 : o
type through the oil filler. Oil level gage

6 Check the oil pan and other parts for oil leakage. L OO

Oil filler

fig.3~15 Qil filler and oil level gage -
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Checking Coolant Level

Remove the radiator cap only after the engine cools to
room temperature. Place a cloth over the cap, and
turn the cap about a half turn or stand the levef to
upright position to release internal pressure. Opening
the radiator cap while the engine is hot causes steam
and hot coolant to spray out, resulting in skin burns.

1 Open the radiator cap and check the coolant level.
2 [f the coolant level is low, add coolant to the speci-
fied level.

Turn cap about Stand the lever to
half a turn upright position

_CAUTION

Aiways add coolant having the same LLC concentra-

tion.

‘Note :(a) Determine the amounts of LLC and water to
be poured by using the LLC concentration
chart.

(b) Regarding coolant, refer to "Coolant" (4-5).
3 If the reserve tank is installed, pour coolant to the -
reserve tank up to the [FULL] line.

Checking Fuel Control Link

Check fuel control link for smooth movement.
Also check boll joint for looseness and play.

3-10

fig.3-17 Radiator coolant level

fig.3-18 Reserve tank coolant level

fig.3-19 Checking fuel control link
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Inspection of the air cleaner indicator

1 Check the air cleaner indicator for the element clog.

2 [f the element clogs, the red signal mark is visible.

3 Immediately clean the air cleaner element when the

signal turns red.

Note: Regarding cleaning of the air cleaner element,
refer to "Cleaning and Inspecting Air Cleaner
Element" (6-14).

Inspection of Air Tank Air Pressure
Check the air pressure gage to see if the air pressure
in the air tank conforms to the standard.

Air tank internal pressure standard:

2.94 MPa (30 kgficm?) [426 psi]

Draining Water from Air Tank

y op g e air tank.
the handle is opened quickly, the engine can start
abruptly and cause an unexpected accident.

1 Close the starting air handle of the air tank. _

2 Open the drain valve handle located under the
drain valve on the front side of the tank to drain
accumulated water from the tank.

Note: The amount of drained water can vary depend-

ing on the relative humidity and air consump-
tion. .
3 Close the drain valve handle after draining water.
4 Open the starting air handles slowly.

Air pressure
gages

-handle

(K ’ | ‘ﬁll_ ‘
'!“. "Jl'-‘!— ’l_j-!g.‘

Drain valve

fig.3-22 Draining water from air tank
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Starting

. The starting method varies depending on the applica-
tion and specifications. Start the engine according to
the specified procedure.

efore starting the engine, check to make sure no one
is near the engine and tools are not left on or near the
engine. In loud voice, notify people in the area when
starting the engine.

CAUTION -

Never load the engine at starting tlme (Dlsengage the
clutch if it is installed.)

3-12

Warming-up Operation

Do not approach rotating parts while in operation.
Entanglement by rotating parts can cause serious

injury.

-~ CAUTION .

Do not conduct warm-up operation for an extended
period of time.

Prolonged warm-up operation causes carbon buildup
in the cylinders that leads to incomplete combustion.
Do not turn the battery switch to OFF. Turning the bat-
tery switch to OFF while the engine is in warm-up
operation causes malfunctioning of instruments and
deteriorates the diodes and transistors in the alterna-
tor. '

Never turn the key to START position. If so, starter
may be damaged.

During warming-up operation, do not load the engine
if exhaust smoke is black. Overloading the engine
(indicated by black smoke) not only causes high fuel
consumption but also excessive carbon deposits
inside the engine, thus it can reduce the service life of
the engine.

After the engine starts, operate at no load min. rated
speed speed for 5 to 10 minutes to warm up.

During warming-up operation

During warming-up operation, check if the oil pressure
is in the range of standard value.

Also, make sure the oil pressure gage is operating

properly.

Note: The oil pressure gage indicates higher pressure
- than normal immediately after the engine starts
since the oil temperature is low. This does not
denote an abnormality. The pressure gradually
lowers to the normal level as the oil temperature
rises.

External inspection during warming-up
Check the external view of the engine to make sure
there is no fuel, oil, cooling water or exhaust gas leak-
age from joints.



Chapter 3 OPERATION

Operation

Do not approach rotating parts while in operation.
Entanglement by rotating parts can cause serious

injury.

A CAUTION

Do not touch any part of the engine while |t is operat—
ing or immediately after it is shut down. A hot engine
can cause burns.

Provnde adequate ventilation in the engine room. If air
supplied to the engine room is restricted, the room
temperature increases and can affect engine output
and performance.

During the first 50 hours of operation, break-in the
engine by operating it with light load and at lower
speed than normal.

Operating the engine under high load or severe condi-
tions during the break-in period can shorten the ser-
vice life of the engine.

Do not turn the battery switch to OFF when the engine
is‘in operation. Tuming the battery switch to OFF while
the engine is in operation not only stops the battery
charge but also causes malfunctioning of instruments
and deteriorates the diodes and transistors in the
alternator.

Never turn the key to the START position while the
engine is operating. The starter may be damaged.

After the warm-up operation, start operating the
engine with load.

Inspection during operation.

Check for leakages.

Inspect the exterior of the engine to make sure there

is no leakage from joints.

Check to make sure the engine does not produce .

abnormal noise or vibrations.

Check to make sure the exhaust gas is normal color.

Note: Regarding abnormal exhaust gas conditions,
refer to "Other Problems and Countermeasures”
(9-3).

Check to make sure the instruments and gages indi-

cate normal values.

Table 3-2 Data for rated speed.

cMem. . ..l . Standard value.
Engine oil pressure 0.49 10 0.64 Mpa
gage P (5 to 6.5 kgficm?)
’ {71 to 92 psi]
- 70 to 90°C
Coolant temperature. [158 to 194 °F] _

Note :(a) When the oil pressure drops below 0.29
MPa (3 kgf/cm?) [42.7 psi] in normal opera-
tion, or below 0.10 MPa (1 kgficm?) [14.2 psi]
at minimum speed with no load, stop the
engine immediately. Before restarting the
engine, check and correct the cause of the
problem. i

(b) When the high temperature alarm switch is
activated in normal operation, change the
engine operation immediately to no-load
idling (600 min™") condition until the engine
temperature decreases to normal operating
level. Then, operate the engine for another 5
or 6 minutes for cooling before stopping the
engine.

Before restarting the engine, check and cor-
rect the cause of the problem.
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Stopping

Stopping the englne abruptly whlle engme parts are hot due to hlgh-speed operatnon can be a cause for heat up of
the engine parts and shorten the service life of the engine. Before stopping the engine, let it operate at low idie
speed for5 to 6 minutes to cool down operation. Stopping the engine immediately after high-speed operation can
cause engine parts to be heated up and result in bad effects.

During cooling operation, check the engine for abnormalities.

Do not accelerate the engine prior to shutting it down.

Do not restart the engine immediately after it shuts down due to an abnormality. If an alarm is generated when the
engine stops, locate the cause of the problem and correct the probiem before restarting the engine.

Continuing engine operation without correcting the problem can result in a serious acmdent

For stopping the engine, follow the instructions since stopping.
procedure varies depending upon the models and its installed equipment.

Emergency Stop
- A CAUTION::.

When stoppmg the engine by pulling the speed control
lever, continue pulling the lever until the engine stops
completely. If not, the engine may start again

To stop the engine with emergency lever, pull the man-
ual lever to the arrow direction and continue pulling
the lever until the engine stops completely.

Note:

fig.3-23 Manual stop lever

Inspection After Stopping
Inspect the engine parts to make sure there is no fuel, oil or coolant leakage. If a fuel or oil leak is found repair the
leakage or contact a Mitsubishi dealer.
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Cautions Concerning Maintenance

Stop the engine before checking or
adding fuel, oil or coolant.

Be sure to stop the engine before checking and add-
ing fuel, engine oil or coolant.

Make sure the coolant temperature is sufficiently low
before checking coolant.- Do not check coolant imme-
diately after the engine stops.

Do not attempt to adjust the parts while the engine is
operating.

Failure to follow the above directions may cause fire,
skins burns or entanglement by rotating parts.

Handle electrolyte carefully.

“ACAUTION

Should electrolyte enter eyes or contact the skin or
clothes, flush immediately with plenty of water.
Should electrolyte enter eyes, wash immediately with
water and seek medical attention.

Handle LLC carefully.

A CAUTION _

Use recommended fuel, engine oil and
coolant.

o CAUTION SR
Use fuel engine oil and coolant specnf ed in th|s man-
ual, and handle them with utmost caution.

When adding engine oil, use oil of the same brand. Do
not mix oils of different brands.

Perform all specified pre-start inspec-
tions and\periodic inspections.

eeeee —CAUTION -

Conduct the pre-start inspection and penodlc inspec-
tion as specified in this manual.

Failure to conduct pre-start inspections and periodic

inspections may cause various engine problems and
damage to parts as well as serious accidents.

Use only genuine Mitsubishi parts.

CAUTION .
When replacing new parts, use only genuine. Mitsub-
ishi parts.
To obtain new parts, contact a Mitsubishi dealer.

Should LLC be accidentally swallowed, induce vomit-
ing immediately and seek medical attention.

Should LLC enter eyes, flush immediately with plenty ‘

of water and seek medical attention.
LLC is a potent alkaline solution. Do not drink or allow
it to enter your eyes.

Always wear protective gear.

_A CAUTION

Wear protective gear such as a hardhat, face shield,
work clothes, safety shoes, dust protective mask, etc.
Be sure to wear protective goggles and other protec-
tive devices when handling compressed air. Com-
pressed air can cause personal injury if handled
carelessly.
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Fuel

Recommended Fuel

Use commercially available diesel fuel (JIS K2204).

Diesel fuel

(— )
In
J Compliance

with
JIS K2204

fig.4~1 Recommended fuel
It is necessary to use fuel that has a pour point suit- ‘

able for the ambient temperature. Choose the fuel
type from the chart on the right.

empe-i 30 20 -0 0 (0 20 30 49

mturs b [21] (4] 14 B2 50 [68) [86] [104]
i _ S 21 I N T T I I T T
Table 4-1 Recommended Fuel
w—r — ” ———— .~ Special No. 3

.- Standard -~ | ' - Classification . m
5

JIS K2204 TYPE 1, TYPE 2, TYPE 3 % m
w

ASTM D975 No. 1-D, No. 2-D a ~

BS 2869 CLASS-A1, CLASS A-2

. : < Special No. 1
DIN 51601 DIESEL-FUEL

ISO 8217 DMX-CLASS

fig.4-2 Recommended fuel according to air
temperature RTI
Handling Fuel

When using fuel kept in a storage tank, allow it to sit for more than 24 hours so dust and water can settle at the bot-
tom. Then, use clean fuel from the upper layer.

Fill the fuel tank or service tank after each work day. This prevents water from mixing with fuel in the tank and gives
time for dust and water to separate and settle at the bottom of the tank.

Before removing the caps from the drum and tank, clean the areas around the caps thoroughly. Also clean your

hands and the hose used for refueling. When a hand-operated pump is used, be careful not to pump water or sedi-
ment accumulated at the bottom of the storage tank.

Be sure to pour fuel through a strainer. Use of a clean, lint-free cheesecloth is recommended.
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Table 4-2 Fuel Use Limit Property Guideline

‘.. ' ‘Property - - . ..|. Recommend use limit’ | - Curent use limit - Remarks. .. .- -
Flash point As stipulated by regulation ‘gz s}g?::ly- 2(2)92 or higher

First distiliation | 170 °C [338 °F] or 170 °C [338 °F] or

oint higher higher

Distillation ot 9 9 JIS K2254

90% distillation | 330 to 380 °C 330 0 380 °C

point [626 to 716 °F} [626 to 716 °F]
Pour point More than 6°C [10.8 °F] below ambient tempera-

ture JIS K2269
Cloud point Below ambient temperature
- P - : —

Carbon residue (10% residual 0.4 weight % or lower 1.0 weight % or JIS K2270

oil)

lower

Cetane number

45 or higher

Cetane index (new)

45 or higher

JIS K2280-1996

2.0 mm?s [0.0031 in? or higher (30 °C [86 °F])
8.0 mm?/s [0.0124 in? or lower (50 °C [122 °F])

Kinetic viscosity 10.5 mm?/s [0.0163 in?] or lower (40 °C [104 °F])
16.0 mm?/s [0.0248 in?] or lower (30 °C [86 °F]) »
. JISK25410.05 weight %
Sulfur content 0.2 weight % or lower 1.0 weight % or lower | (same as diesel fuel) is rec-
‘ommended.
Water and sediment 0.1 volume % or lower JIS K2275
Ash 0.03 weight % or lower JIS K2272
ASTM - No.3

Copper plate corrosion
(100°C [212°F], 3 hrs.)

No.3 or lower

JIS K2513 - Discoloration
No.3

Specific gravity (15°C [59°F]).

0.8310 0.87

0.80 to 0.87

Coking test

Should not be carbon-
ized more than 75% at
250 °C [482 °F]

Should not be evapo-
rated more than 55% at
230 °C [446 °F}

Should not be turn to tar
at 180 °C [356 °F]

Should not be car-
bonized 100% at 250
°C [482 °F]

Fed791B (U.S.)

250 °C [482 °F] X 24Hr
230 °C [446 °F] X 24Hr
180 °C [356 °F] X 48Hr

Aromatics content c g s o JIS K 2536
(HPLC method) 38 weight % or lower 38 weight % or lower Total of aromatic content
Asphaltene 0.1 weight % or lower 0.1 weight % orlower | ICP analysis (U.K.)

JIS B9931

Particulate contaminant

5.0 mg/l or lower

5.0 mgll or lower

Including foreign substance
in the fuel pipe lines
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Engine Oil

Recommended Engine Oil

Use class CD (recommended) and CF engine oils.

Use of improper or inferior oil can cause excessive —_—

wear of bearings and moving parts, thus shortening OlL -~ OIL

the engine life. It can also result in the sticking of pis- (———) {—— )

ton rings and seizing of pistons in the cylinders, thus Class CF Class CD

causing major damage. 4 _ ! —_— |

API Service "~ | API Service

lCIassmcatlon \ J Classification X

fig4-3 Recommended Engine oil

Selection of Oil Viscosity

Use the following chart to select the appropriate oil

viscosity according to the ambient temperature. Temperature [32] anl [_112]. [302] [15%] [gg] [23] [1434 ] [15202 ]
Excessively high oil viscosity causes power loss and °CIFl Lo b v bbby bl

an abnormal rise of oil temperature, while excessively

low oil viscosity results in inadequate Iubrication and Engine oil
leakage of combustion gas that cause increased wear viscosity <__SAEI5WH0 >
and reduced output. <___SAE10W-30 >
Recommended oil viscosity is SAE 15W-40 for all sea- <___saEswao >

sons.

fig.4-4 Selection of Oil Viscosity -

Handling Engine Oil

Before pouring engine oil into the engine, stop the engine and make sure there are no flames near the engine.

Oil leaked or spilled onto hot surfaces or electrical components can cause a fire. Wipe any spilled oil immediately
and thoroughly.

After pourding engine oil, close filler cap surely.

_CAUTION :

Never mix dlfferent brands of engine onI Mlxmg different brands of englne onl may cause a chemlcal reaction by the
additives in the engine oil that could degrade the engine oil quality.

If oil of more than the legally specified amount must be handled, be sure to have the work performed by a service
station in compliance with the legal regulations.

Use an oil pump to remove oil from the engine or oil can. Do not use a hose to siphon with the mouth.

Be sure to close the cap on the oil can after use.

Keep oil in a well-ventilated place and out of direct sunlight.

Be sure to obtain the MSDS (material safety data sheet) of the engine oil used and follow the instructions.
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‘Coolant

Recommended Coolant

Water used in the engine cooling system must be soft water. The water quality must meet the following require-
ments.

Water quality should meet with recommended limit, however, wiihin limit is acceptable.

“Table 4~-3 Water quality standards

. SRR AR SRR S [ " Main adverse effect -~
B “ltém-_ T C;;f;nl;g?i 10 "th‘it o ,Reico'nfi_l'ner!ciei}:‘f Limit - Corrosion- 4.‘.'Scé1efor-<
T B R o e Tee 01 andrust (| mation
pH (25°C [77°F]) - N 651085 651085 0 0
5\'/ft;t?§53'c°;°[2g“§]) 5 u fom <250 <400 0
Total hardness CaCOs - ppm < 95 <100 - o
M alkalinity _ CaCOs " ppm < 70 <150 - o
Chlorine ion Ce~ ppm <100 <100 o] -
Sulfuric acid ion so% ppm <50 v <100 o} -
Total iron Fe ppm <1.0 <1.0 - -0
Silica SiO: © ppm - <50 - o]
| | em | m | <we | | o

Note: Figures in parentheses are the standard value. In addition to the items specified above, turbidity is specified
to be below 15 mg/liter.

Long Life Coolant(LLC)

- A CAUTION

Should LLC be accldentally swallowed, mduce vomiting immediately and seek medical attentlon
If LLC should enter eyes, flush immediately with plenty of water and seek medical attention.

Use anall-season, non-amine type LLC.
Be sure to use long life coolant(LLC)as coolant because it prevents not only freezing of coolant but also rusting of
the cooling system.

Genuine LLC
We recommend the genuine long life coolant, which is NN
the most appropreate coolant for Mitsubishi diesel S

engine. ‘ ILASS W
Please use Mitsubishi Heavy Industory genuine LLC - o ﬁ

"GLASSY". S
%
il

&

fig.4-5 GLASSY Long life coolant
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Recommended brands of LLC
Recommended brands of LLC are shown in the chart
below.

Table 4-4 Recommended brands of LLC
© Manufacturer | . | ° _.Brand. ‘-
TEXACO Code7998
Note: When using an LLC other than the above, fre-

quent inspections are required since the service
life may be shorter.

Features and Performance of Rec-

ommended LLC

» Use LLC with no amine content.

» Use LLC with no silicate or borate.

* Use LLC that is close to neutral on the pH scale and
slightly alkaline.

* Use LLC that contains balanced chemical additives
as substitutes for amines.

* Use LLC that offers long life (with 30% LLC concen-
tration and service life of more than 1 year).
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Maintenance of LLC
A CAU'{ION .......

Coolant (contammg LLC) drained from an engme is
toxic, and must not be disposed of into regular sew-
age. -

For disposal of used coolant, consult a Mitsubishi
dealer.

Replacement timing of LLC

When a coolant mixed with the LLC recommended by
our company is used, replace coolamt every 12000
hours or 2 years, whichever comes first, in a regular-
use or general-purpose engine. In an emergency
engine, replace coolant every 2 years.

LLC concentration ;
When determining the LLC concentration, provide a

“margin of 5°C [41°F] below the expected lowest tem-

perature in your region. Maintain the LLC concentra-
tion between 30 and 60% throughout the year.

LLC of less than 30% concentration does not provide
sufficient corrosion protection. If the LLC concentra-
tion is as low as several percent, it may promote cor-
rosion.

LLC of more than 60% concentration. can adversely -
affect its freeze protection characteristic and cause
the engine to overheat easily. ;
When adding coolant without changing all coolant, do
not add plain water. Always use coolant having the
same LLC concentration.

Table 4-5 Recommended LLC concentration (for
reference only)
-Lowestambi- .| upto | upto- | upto.{. upto
enttempera-. | -15 | -24 36 .| 43
ture °C°FD) | -[81 .| B111 | [-82] | [45] .

LLC concen-
tration (%) 30 40 50 55

Note: For determining the accurate LLC concentra-
tion, refer to the instructions for the LLC used.




Chapter 4 MAINTENANCE

Importance of LLC

Today's trend is toward smaller and more lightweight

engines offerihg greater output, lower fuel consump-
 tion and lower exhaust emission level.

Conditions to which engine coolant is subjected are

becoming severer due to longer operating hours,

higher coolant temperature and higher coolant circu-

lating speed.

Many different materials (such as steel, aluminum,

copper, solder and rubber) are used in the cooling

system, and they are also subjected to the severe

conditions described above.

These materials differ in ionizing tendency, and this

difference promotes corrosion through the medium of

engine coolant.

To prevent the above problem, it is necessary to use

LLC (long life coolant).

Characteristics of LLC Additive and
Important Notes

LLC contains several chemicals in such proportions
as to produce chemical reactions that suppress corro-
sion (ionization) of engine parts in contact with the
coolant.

LLC loses its effectiveness after many months of use.
Moreover, if the chemicals are not well proportioned to
match the metals used in the cboling system, certain
chemicals in the LLC become rapidly used up and
result in dissolving of metals.

Moreover, other corrosion preventing chemicals react
with dissolving metals and further accelerate corro-
sion. This condition can result in more corrosion than
when plain soft water is used. This problem is often
caused by the use of inappropriate LLC.

Examples of Abnormalities Caused by
LLC

Pitting on iron parts

Amines are generally effective in suppressing the rust-
ing of ferrous metals, but they are said to cause prob-
lems for copper parts. .

Dissolved copper (copper corrosion) in the cooling
system deposits on iron parts, and copper deposits
produce galvanic or local-cell action, thus corroding
and pitting iron that has a higher ionizing tendency.

Corrosion of aluminum parts

Silicate is highly effective in protecting aluminum
against rusting. However, it is unstable in a solution in
which pH is 9 or lower, and can turn to gel and precip-
itate in the solution. For this reason, the pH is usually
specified to be about 10 to ensure a high alkaline
level. :

This means, after silicate is used up, the high alkalinity
causes chemical attacks on aluminum. To prevent this
problem, proper maintenance of the coolant is
required.

(Example)

Rapid wear of mechanical seals in the water pump
due to secondary effects of silicate gel formed.
Corrosion of aluminum parts after silicate is con-
sumed.

Pitting and clogging of radiator

As LLC's general performance deteriorates or when
its concentration in the coolant is too low, its anti-cor-
rosion performance lowers and results in the corrosion
of metals. .

Brass and solder tend to corrode faster than other
metals, and corrosion of these metals is said to cause
water leakage and clogs.

(Example)

Holes and clogs in radiator
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Filters

Filters remove impurities such as dust particies from fuel, engine oil and air starter system. While it is important to
use clean fuel, engine oil and air supply, filters must be changed regularly to ensure maximum engine performance
and extend the service life of the engine. \

When replacing filters, use genuine Mitsubishi parts.

Do not wash and reuse cartridge-type filters.

Always use new filters.

When filters are changed, inspect the removed filters for metal particles. If metal particles are found, consult a Mit-
subishi dealer. '

EIeCtricaI Parts

Do not splash water on electrical parts. Water can cause electrical leakage and short-circuiting, resulting in equip-
ment damage. Wet electrical parts can also cause electric shock.

When cleaning the engine, keep water away from electrical parts.

If'malfunctioning of electrical parts is suspected, consult a Mitsubishi dealer.

Also, do not use disassembled or reassembled electrical parts.
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Cautions in Operating
Engine in Cold Weather
Season

When the ambient temperature is low, fuel and engine
oil become thick and coolant can freeze, thus making
it difficult to start the engine or causing damage to the
cylinder heads. To prevent these problems, observe
the following directions.

Fuel

When handling fuel, make sure there are no flames
near engine.

Wipe any spilled fuel completely. Spilled fuel can
ignite and cause fire.

Use appropriate fuel according to the ambient temper-
ature.

Note: Regarding fuel, refer to "Fuel” (4-2).

Engine Oil
Replace engine oil suitable to the ambient tempera-
ture.

Note: Regarding engine oil, refer to "Engine Oil" (4-4).
Coolant
-4 CAUTION -

Remove the radiator cap only after the engine cools to
room temperature. Place a cloth over the cap, and
turn the cap about a half turn or stand the lever to
upright position to release pressure. Opening the radi-
ator cap while the engine is hot causes steam and hot
coolant to blow out, resulting in skin bums.

Freezing of coolant due to cold temperatures can
damage the crankcase. Be sure to use all-season
long life coolant that prevent freezing of cooling water
and rusting of the engine cooling system.

Note: Regarding coolant, refer to "Coolant” {4-5).

Battery

ry’
handle battery since flames can cause an explosion.

- CAUTION

If electrolyte is spllled on skin or clothes, wash imme-
diately with lots of water. If electrolyte gets into your
eyes, flush immediately with lots of fresh water and
consult a physician as soon as possible.

For other cautions to handie battery, refer to "Caution
Service Battery” (1-5)

When the ambient temperature drops to a very low
level, the charging rate becomes low even if the spe-
cific gravity of electrolyte remains the same. There-
fore, in a cold area the battery may not provide
sufficient power to start the engine immediately. Fur-
thermore, electrolyte becomes easier to freeze when
its specific gravity is low. Therefore, it is recom-
mended to additionally charge the battery to increase
the specific gravity of electrolyte and the charging
rate.
Note: For the inspection of specific gravity of electro-
lyte, refer to "Inspecting specific gravity of elec-
trolyte” (3-6).

Maintenance After Cold Season
After a cold season ends, change fuel, engine oil and
coolant to those suitable for the outside temperature
in accordance with the specifications described in this
manual. '
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PERIODIC MAINTENANCE CHART

How to Use Periodic Maintenance Chart

Periodic inspection not only extends the service life of
the engine but also serves to_ensure safe operation.
Be sure to conduct inspections and maintenance
according to the periodic maintenance chart.

The maintenance chart shows the standard service

intervals. Whenever you notice the abnormalities

mentioned below, make sure the service must be per-
formed to the defective part of the engine, regardiess
recommended service intervals in the "Periodic Main-
tenence Chart"; abnormal noise, black exhaust
smoke, white exhaust smoke, abnormally high tem-
perature of exhaust gas, abnormal vibration in engine,
fuel, oil or exhaust gas leakage.

Note: Appropriate service intervals vary depending on
the usage and operating conditions as well as
consumption of fuel, oil and coolant. Check the
operating record of the engine to determine the
most appropriate service intervals. (Feel free to
consult a Mitsubishi dealer regarding service
intervals.)

Perform service items listed under the service interval.

Service items with shorter intervals should also be

included in the longer interval service.

ltems marked with * in the maintenance chart require

special tools or large equipment. For the servicing of

these items, consult a Mitsubishi dealer.

Periodic Maintenance Chart
Appropriate service intervals vary depending on the
engine specifications. Perform all daily inspection and
maintenance items in an accordance with the follow-
ing 3 categories.

Periodic maintenance chart for regular-
use engine

When the engine is used as a regular use engine, pér—
- form the periodic inspection and maintenance in
accordance with the "Periodic Maintenance Chart for
Engine in Regular Use".

Periodic maintenance chart for emer-
gency engine

When the engine is used as an emergency engine,
perform the periodic inspection and maintenance in
accordance with the "Periodic Maintenance Chart for
Emergency Engine”.

Due to the nature of application, an emergency engine
is subject to demanding operating conditions such as
a quick startup and immediate supply of power. In
addition, it must operate reliably in the event of an
emergency. Therefore, be sure to perform the daily
inspection and also conduct the following operation for
maintenance purposes.

Once every week: Operate the engine under no load
(for 3 to 5 minutes).

(When operating the engine for the adjustment of
peripheral devices, limit the operating time to 10 min-
utes.)

Once every month: Operate the engine under load (for
15 to 30 minutes with more than 1/2 load).

If the engine cannot be operated under load every
month, operate the engine under load (more than 1/2
load) for more than 2 hours.

During the engine maintenance operation, check the
ease of startup, oil pressure, and exhaust color and
vibration.

Periodic maintenance chart for general-
purpose engine

If the engine is used for different purposes other than
the above usage, do maintenance according to the
"Periodic Maintenance Chart for General-Purpose
Power Supply Engine”. :
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General Definition of Regular-Use
Engine, Emergency Engine and
General-Purpose Engine

General definition of regular-use engine
An engine operated with a constant base load for the
purpose of generating electric power, which is used
independently or in combination with commercial
power supply.

An engine operated under a fluctuating load through-
out a day for supplying rated electric power in lieu of
commercial power.

General definition of emergency engine
An engine used for emergency power generation such
as main power supply and commercial power supply.

General definition of general-purpose
engine

An engine used for a purpose other than power gener-
ation - for example, to drive a pump, as the main
engine for a ship, and for an industrial vehicle - and
operated under constant or cylically varying load and
speed.
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Periodic Maintenance Chart for Engine in Regular Use

Table 5-1 Periodic Maintenance Chart for Engine in Regular Use (1 /2)

L _ ~ Service'item . Page
Every 50 service
hours or every Drain water and sediment from fuel tank 6-4
month
First 50 service Retightening the Bolts and Nuts *
hours f?_f new or Changing Engine Oil, Oil Filters and Bypass Oil Filter
recqndltloned (It is recommenced to analyze the engine oil properties at the same time) 6-7
engine (The oil filters must be changed when the filter alarm lights)
Changing Engine Oil, Oil Filters and Bypass Oil Filter
Every 250 serice (it is recommenced to analyze the engine oil properties at the same time) 6-7
hours or every year | (The oil filters must be changed when the filter alarm lights)
Changing Governor Oil Filter 6-8
First 250 service ]
hours for new or Inspection and Adjustment of Valve Clearances .
reconditioned (Also inspect the valve mechanisms at the same time)
engine
Every 1000 serice | Inspection of V-belt and Adjustment of Belt Ten3|on 6-2
hours Changing Fuel Filters 6-6
Changing V-belt 6-2
Inspection of Fuel Control Linkage Ball Joints 6-4
Inspection and Adjustment of Valve Clearances *
. "(Also check the valve mechanisms at the same time)
Every 2000 serice - - —— -
hours Inspection and Adjustment of Fuel Injection Timing *
Changing Fuel Injection Nozzle Tips *
(Check the spray condition and adjust the fuel mjectlon pressure after replacement)
Checking Movement of the Rack (during operation) of the fuel injection pump (including "
the governor)
Overhaul the Top End of the Engine
Remove the cylinder head, and inspect and service the combustion chambers.
« Inspect the connecting rod %
* Visually inspect top surfaces of each piston
* Inspect the cylinder liner surfaces
Inspection of Damper 6-3
Every 4000 serice -
hours. Inspection of Turbocharger 6-12
Inspection of Starters 6-15
Inspection of Alternator 6-15

Checking the Protective Devices for Proper Operation

*

Replacing the Unit Seals and Oil Seals in the Water Pump

*

Checking the LLC Concentration in the Coolant

*

ltems marked with * require special tools or large equipment. For servicing of these items, consult a Mitsubishi dealer.
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Table 5-1 Periodic Maintenance Chart for Engine in Regular Use (2/2)

- ) Service item Page
Conduct a Major Overhaul
Disassemble engine-clean, check and change major parts
<Parts to be changed>
Inlet and exhaust vaive seats, inlet and exhaust valves, valve rotators, valve cotters,
rocker arm adjusting screws, valve push rods, bridge caps, camshaft bushings, cam-
shaft expansion plugs, main bearings, cylinder finers, main bearing cap bolts and wash- *
ers, piston rings, connecting rod bearings, damper, crankcase thrust plate and
consumable items (gaskets, oil seals, O-rings, etc)
<In second overhaul, replace the following parts in addition to the parts listed above>
. Cylinder head bolts, valve guides, valve bridge guides, valve bridges, valve springs, tap-
Every 8000 serice pets, camshaft thrust plates, rocker bushings, thrust plates, pistons, piston pins, con-
hours necting rod bolts, connecting rod bushings, rocker bushings, etc
Inspection and Testing of fuel injection pump(Replace parts, if necessary) *
Inspection and Testing of Governor (Replace parts, if necessary) *
Correction or Replacement of Protective Devices
High coolant temperature, low oil pressure, overspeeding, starting failure, water supply *
failure, undervoltage, overvoltage, overcurrent. low coolant level in tank, low fuel level in '
tank, low air pressure in tank, etc :
Checking the Auxiliary Devices for Proper Operation : *
Water heater, oil heater, oil priming pump, fuel transfer pump, governor motor, etc
Every 2 years Changing Coolant ' 6-10
Bleed the fuel system 3-2
Inspection and Cleaning Radiator Fins 6-11
Clean the Pre-Cleaner 6-13
Cleaning and Inspecting Air Cleaner Element 6-14
When required '

Cleaning the Inside of the Engine Breathers

*

Inspecting or Replacing the Stop Solenoid

*

Inspecting or Replacing the Couplings

*

Inspecting the Vibration-isolating Rubber

*

Items marked with * require special tools or large equipment. For servicing of these items, consult a Mitsubishi dealer.
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Periodic Maintenance Chart for Emergency Engine

Table 5-2 Periodic Maintenance Chart for Emergency Englne(1 / 3)

: Serviceitem . . . e < o Page
Conducting External Inspection (Check for leakage of fuel, oil and coolant) 3-8
Checking the Fuel Level in the Fuel Tank 3-8
Checking Engine Oil Level 39
Checking Coolant Level : 3-10
Inspection of Air Tank Air Pressure 3-11
Every week Check air cooler for water leaks , *

Conducting an Engine Maintenance Operation(Operate the engine under no load for 5
to 10 minutes)
Check for ease of starting, color of exhaust smoke, abnormal vibration, abnormal noise,
abnormal smell and gauge indication

" (ol pressure gauge, coolant temperature gauge, oil temperature gauge, exhaust tem-
perature gauge, tachometer, etc)”

Inspection of Fue! Control Linkage Ball Joints 6-4
Clean fuel! filter (wire element type) - turn handle one or two times , ®

Inspection of Engine Oil for Mixing of Fuel and Water 6-8
Inspection Electrolyte level ‘ 6-16

Check oil level in air compressor - add oil -

Every month Draining Water from Air Tank *

Conducting Engine Maintenance Operation

(Operate the engine with more than 1/2 load for 15 to 30 minutes)

Check for ease of starting, color of exhaust smoke, abnormal vibration, abnormal noise,
abnormal smell and gauge indication *
(oil pressure gauge, coolant temperature gauge, oil temperature gauge, exhaust tem-
perature gauge, tachometer, etc)

Check fuel injection pump and hydraulic and electronic governor rack movement”

Every 6 Checking LLC Concentration in the Coolant *
months Cleaning the Inside of the Coolant Tank *
Inspection of V-belt and Adjustment of Belt Tension . 62
inspection of External Bolts and Nuts for Tightness, and Retighten if *
Necessary
Inspection of Damper 6-3
Basic block Inspection and Adjustment of Valve Clearance N
(Inspect the parts related to valve mechanism at the same time)
Inspection of Vibration-isolating Rubber *
Every year Inspection of Foundation Bolts *
Inspection or Replacement of Couplings » ' *
Drain water and sediment from fuel tank ' ®
Drain water from fuel filter (wire element type). ‘ *

Fuel system | |nspection and Adjustment of Fuel Injection Nozzle Spray Condition

and Spray Pressure *

Inspection and Adjustment of Fuel Injection Timing *

ltems marked with*require special tools or large equipment. For servicing of these items, consuit a Mitsubishi dealer.
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Table 5~2 Periodic Maintenance Chart for Emergency Engine(2 / 3)

B .- Seyvice item ‘Page -
L Analyzing Engine Qil Properties *
Lubrication - - - - .
system Insplec'uon and Adjus.tment of Engine Qil Pressure *
(Maintenance operation)
Inspection of Water Pump ‘ ) *
Inspection, Disassembly and Cleaning of Electromagnetic Valve and N
. Pressure Reducing Valve of the Cooling System
Cooling sys- — - ————————
tem Inspection, Disassembly and Cleaning of Strainer (including with/ball N
tap) of Cooling Water . ‘
Analyzing Coolant Properties (when only soft water is used) *
(Change coolant according to the analysis results)
. Inspecting Air Cleaner 3-10
;:lrrnlnlet Sys- Cleaning and Inspecting Air Cleaner Element 6-14
Cleaning Pre-Cleaner 6-13
Inspection of Starters 6-15
Every year Electrical Inspection of Alternator 6-15
system Checking specific gravity of electrolyte 6-16
Inspection of Air Heater *
Draining Water and Cleaning Air Starter Strainer 6-17
Inspection Safety Valve of Air Tank 6-17
Air - start Check starter valve *
system Check solenoid valve - clean *
Check distributor valve *
Check air compressor drive belt *
Checking Protection Devices for Proper Operation
High coolant temperature, low oil pressure, overspeeding, starting failure, water supply "
failure, undervoltage, overvoltage, overcurrent, low coolant level in tank, low fuel level
in tank, low air pressure in tank, etc :
Checking Auxiliary Devices for Proper Operation
Engine control, fuel transfer pump, governor motor, room ventilating fan, solenoid, stor- *
age pump, water tank ball tap, water heater, oit heater, oil priming pump, etc
Changing Engine Oil, Oil Filters and Bypass Oil Filter
(It is recommenced to analyze the engine oil properties at the same time) 8-7
(The oil filters must be changed when the filter alarm lights)
Clean fuel filter (wire element type) *
Changing Fuel Filters 6-6
Every 2 years Inspection of Fuel Control Linkage Ball Joints 6-4
Changing Coolant 6-10
Inspection of Thermostat *
Inspection of Turbocharger 6-12
Draining Water From Exhaust Muffler. 6-12

Clean fuel filter (wire element type)

*

ltems marked with*require special tools or large equipment. For servicing of these items, consult a Mitsubishi dealer.
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Table 5-2 Periodic Maintenance Chart for Emergency Engme(3 / 3)
‘ - Servicetem . . - . 1 Page |
Checkmg Oll Cooler for Soullng, Clogging and Leakage *
Checking Oil Pump for Discoloration and Other External Defects *
Inspection and Testing of Governor (Replace parts if necessary) *
Cleaning Fuel Tank 6-5
Inspection and Testing of fuel injection pump (Replace parts if necesséry) *
Every 4 years Inspection and Testing of Governor (Replace parts if necessary) *
Inspection and Cleaning Radiator Fins 6-11
Changing the Rubber Hoses L%
Cleaning and Inspecting Air Cleaner Element : 6-14
Inspecting Pre Cleaner : ’ 6-13
Repair or Replacement of instruments "
Oil pressure gauge, coolant temperature gauge, oil temperature gauge and tachometer
Inspection and Replacement of Main Engine Parts (major overhaul)
Inlet and exhaust valves and valve seats (lapping), valve guides, pistons, piston rings,
connecting rod metals, connecting rod bushings, cylinderliners and crankshaft *
(If the parts for No. 1 and No. 2 cylinders are found defective, change the parts for all
cylinders)
Replacement of Damper *
Repair or Replacement of Oil Pump ' *
Replacement of Fuel Injection Nozzle Tips "
(Adjust the spray condition and spray pressure after replacement)
Replacement of Rubber Parts and O-rings , *
Every 8 years Replacement of Unit Seal, Oil Seal of the Water Pump *
Disassembly and Inspection of Turbocharger *
Disassembly and Cleaning of Air Cooler ' *
Repair or Replacement of Vibration-isolating Rubber *
Repair or Replacement of Couplings * -
Adjustment or Replacement of Governor Motor v *
Adjustment or Replacement of Air Ventilation Fan of the Room o ‘ *
Inspection or Replacement of Stop Solenoid *
Adjustment or Replacement of Ball Tap of Water Tank . *
Replacement of Other Consumables *

ltems marked with*require special tools or large equipment. For servicing of these items, consult a Mitsubishi dealer.
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Periodic Maintenance Chart for General-Purpose Power
Supply Engine

Table 5-3 Periodic Maintenance Chart for General-Purpose Power Supply Engine(1 12)

o -7 Service item B .-Page
Every 50 ser- Draining Water from Fuel Tank 6-4
vice hours or Draining Water Air Starter Strainer 6-17
every month Draining Water from Air Tank 6-17
Retightening External Bolts and Nuts for Looseness *
After first 50 ser- - - ———— —— -
vice hours for Ch'angmg Engine Oil, Oil Filters anfi Bygass Oil I.=|lter ) )
new engine (Itis recommended to analyze engine oil properties at the same time) 6-7
(Change the oil filters whenever the filter alarm turns on)
Changing Engine Oil, Oil Filters and Bypass Oil Filter _
(It is recommended to analyze engine oil properties at the same time) 6-7
(Change the oil filters whenever the filter alarm turns on.)
Every 250 ser- Changing Governor Qil Filter 6-9
vice hours or Inspection of V-belt and Adjustment of Belt Tension 6-2
every year - - - -
Inspection and Cleaning Radiator Fins 6-11
Draining Water From Exhaust Muffler 6-12
Inspection Safety Valve of Air Tank 6-17
F.'rSt 250 ser- Inspection and Adjustment of Valve Clearances
vice hours for (Check the valve mechanism and parts at the same time) *
new engine and p »
Every 1000 ser- Changing Fuel Filters 6-6
vice hours or Cleaning Air Starter Strainer 6-17
every 2 years Change zinc rods *
Retightening External Bolts and Nuts C®
Inspection and Adjustment of Valve Clearances B N
Every 2000 ser- (Check the valve mechanism and parts at the same time)
vice hours or Inspection and Adjustment of Fuel Injection Timing *
every 3 years Replacement of Fuel Injection Nozzle Tips 3 *
(Inspect and adjust spray condition and fuel injection pressure after replacement) :
Checking Operation of Protection Devices / *
Overhaul the Top End of the Engine
Remove the cylinder head, and inspect and service the combustion chambers
* Disassemble, inspect and service the cylinder head
* Inspect the intake and exhaust valves, and lap the valves against seats *
Every 4000 ser- | * Visually inspect the top surface of each piston
vice hours or * Inspect the cylinder liner surfaces
every 5 years Inspection of Fuel Control Linkage Ball Joints 6-4
Inspection of Damper 6-3
Cleaning Air Cooler *
Wash heat exchanger *

ltems marked with * require special tools or large equipment. For servicing of these items, consult a Mitsubishi dealer.
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Table 5-3 Periodic Maintenance Chart for General-Purpose Power Supply Engine(2 / 2)

T Service item

Page. -

Every 8000 ser-
vice hours

Conduct a Major Overhaul
Disassemble engine-clean, check and change major parts

Inspection and Testing of fuel injection pump(Replace parts, if necessary)

Inspection and Testing of Governor (Replace parts, if necessary)

Correction or Replacement of Protective Devices

High coolant temperature, low oil pressure, overspeeding, starting failure,water supply
failure, undervoltage, overvoltage,overcurrent. low coolant level in tank, low fuel level
in tank, low air pressure in tank, etc

Checking the Auxiliary Devices for Proper Operation
Water heater, oil heater, oil primimg pump, fuel transfer pump, governor motor, etc

k

Every 2 years

Changing Coolant

6-10

When required

Bleed the fuel system

3-2

Cleaning and Inspecting Air Cleaner Element

6-14

Cleaning Pre-Cleaner

6-13

ltems marked with * require special fools or large equipment. For servicing of these items, consult a Mitsubishi dealer.
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Chapter 6
PERIODIC INSPECTION AND MAINTE-
NANCE PROCEDURES

External View |

External Inspection
G e - A CAUTION:

A f re can be caused by combustlble matenals placed near hot engine parts (exhaust manlfolds and other exhaust
gas passages) or battery, fuel leaks, and oil leaks. Check the engine exterior carefully. If an abnormality is found, be
sure to repair or contact a Mitsubishi dealer. :
Before starting the engine, clean the top surface of the battery with wet cloth.

Inspect the engine exterior as described below.

1 Make sure there is no combustible material near the engine or battery. Also, check to make sure the engine and
battery are clean.
If combustible materials or waste are found near the engine or battery, remove them. :

2 Check the entire engine for leakage of fuel, engine oil or coolant. If leaks are found, repair leakage or con-
tact a Mitsubishi dealer.

3 Check the electrical wiring including the starters.
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Inspectmg the V-belt and adjustmg the belt tension

e - CAUTION -

If damage or surface separation is found on the V belt during inspection, replace the V- beIt

Keep oil and grease away from the belt, since they may cause the belt to slip and shorten the service life.
Excessive V-belt tension can cause rapid wear of the alternator bearing and shorten the service life of the belt.
Adjust the belt tension accurately by following the procedures below,

Inspecting the V-belt

7

1 Visually inspect the V-belt for surface separations and damages. If damages or surface separations are found
replace the V-belt with a new one. ,
2 Checking V-belt tension
Apply the force (approx 98 to 147 N [10 to 15 kgf ]) to the center of the V-belt, between pulleies.
Deflection should be 7 = 1 mm for a new belt and 9 + 1 mm for readjustment.
If the deflection does not meet the specificatin, adjust the tension.
3 To adjust the belt tension, turn the adjusting rod.

Adjusting the V-belt tension

1 Remove the alternator front cover and belt cover.

2 Loosen all retaining bolts on the alternator and
adjusting rod. .

3 Loosen the upper and lower lock nuts on the
adjusting rod.

Note: That the lower nut on the adjusting rod has ieft-

hand threads.
4 Turn the adjusting rod to adjust the V-belt tension.
5 After the tension adjustment, tighten the upper and

lower lock nuts.
6 Tighten all the retaining bolts on the alternator and
adjusting rod.

fig.6-1 Inspecting the V-belt and adjustlng the belt
tension

7 Reinstall the alternator front cover and belt cover.

6-2



Chapter 6 PERIODIC INSPECTION AND MAINTENANCE PROCEDURES

Inspection of Damper

External inspection of damper

. ACAUTION 1\
When installing a damper protective cover to the

engine, do not use a cover that encloses the damper:
Installation of a closed cover can cause damper dam-
age due to heat. ’

v

v.a

Check the vibration damper for oil leakage, scratches, (B\
deformation, discoloration and peeling of paint.
Check carefully for swelling on the cover (use a
scale), oil leaks from the shim, discoloration and peel-
ing of paint due to heat. fig.6-2 External inspection of damper

Note: If the vibration damper is defective, consult a
Mitsubishi dealer.

Damper temperature management .

For proper operation, heat of the vibration damper must be dissipated from its surface to prevent excessive damper
heating. Mitsubishi inspects each engine before shipment to ensure proper operating temperature of the vibration
damper. However, the vibration damper temperature varies depending on ambient conditions. Therefore, observe
the following suggestions and provide sufficient ventilation for the vibration damper and equipment.

In the case of viscous damper of regular use engine, make sure the temperature of the outside damper sur-
face does not exceed 90 °C [194 °F] after the engine is operated at the rated output for 1 hour, and emer-
gency engine for 100 °C [212 °F]. In the case of viscous rubber damper of regular use engine, make sure the
temperature does not exceed 80 °C [176 °F], and emergency engine for 90 °C [194 °F]. It is recommended to
use the thermo label for temperature management of the vibration damper in regular use engine.

Table 6—-1 Temperature Management with Thermo : Thormo Label <5E-100>
Label ’ O0O000O0
A B Temperature - 100 105 110 115 120
Partsname |- ParisNo. | measuring - Thermo Labsl_<6E75>
P o range ONONONONO)
Thermo label 75 to 95°C 7580 85 90 95
32522-04100
75-95 [167 to 203 °F] Thermo Label <5E-50>
Thermo label 100 to 120°C OO000O0
100-120 32522-04200 [212 to 248 °F] 50_55 60 65 70
Thermo label 50t0 70 °C -
50-70 32522-04300 [122 to 158 °F} fig.6-3 Managing the damper temperature
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Chapter 6 PERIODIC INSPECTION AND MAINTENANCE PROCEDURES

Fuel System

Draining Water from Fuel Tank

When handling fuel, make sure there are no flames near the engine.

Wipe any spilled fuel completely. Spilled fuel can ignite and cause fire.

- CAUTION: i v

Do not remove the strainer whén ﬁlling the fuel tank.
Use fuel specified in "Fuel” (4-2).

Close the valve on the fuel supply line from the fuel

tank. : ‘

1 Arrange a fuel receiving can.

2 Drain all fuel from the fuel tank through the drain
cock located on the bottom of the fuel tank into the
fuel receiving can.

3 Clean the inside of the fuel tank.

Inspection of Fuel Control Link-

age Ball Joints

Check the ball joints in the fuel control linkage for
looseness.

If the amount of looseness is more than 0.1 mm
[0.004 in.], replace the ball joints.

Drain cock

fig.6-4 Clean fuel tank

0.1 mm

[0.004 in.] Ball joint
g

0.1 mm i

If the ball joint attached with a seal is loose, consuit a
Mitsubishi dealer.

If the seal on the ball joint is broken, the warranty may
be invalidated. )

[0.004 in.]
‘ |
Yy -

Lever

If the ball joints are integrated in the control linkage,

replace the control linkage when the ball joints are

loose. '

When installing ball joints, be sure to tighten the nuts
firmly. ‘

fig.6-5 Inspection of the fuel control linkage for
looseness

Ball joint

fig.6-6 Removing the fuel control linkage
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Cleaning fuel tank

When handling fuel, make sure there are no flames near the engine.
Wipe any spilled fuel completely. Spilled fuel can ignite and cause fire.

R A CAUTION =
Do not remove the strainer when filling the fuel tank.
Use fuel specified in "Fuel” (4-2).

1 Close the valve on the fuel supply line from the fuel
tank. ‘

2 Arrange a fuel receiving can.

3 Drain all fuel from the fuel tank through the drain
cock located on the bottom of the fuel tank into the
fuel receiving can.

4 Clean the inside of the fuel tank.

Drain cock

Note: Regérding bleeding of the fue!l system, refer to
"Bleed the fuel system” (3-2).

B

fig.6—7 Cleaning fuel tank

&)
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Chapter 6 PERIODIC INSPECTION AND MAINTENANCE PROCEDURES

Changing fuel filters

When handling fuel, make sure there are no flam g
Wipe any spilled fuel completely. Spilled fuel can ignite and cause fire.

1 Clean the area around the fuel filters.

2 Place a fuel receiving tray under the fuel filters.

3 Using the provided filter wrench, remove each fuel
filter.

4 Wipe fuel from the fuel filter cartridge mounting sur-
face of the filter bracket with a cloth.

5 Check the new fuel filter for proper seating of the
gaskets.

6 Apply clean fuel to the gaskets on the new fuel fil-
ter. '

7 Install the fuel filter. When the gasket contacts the
mounting surface on the filter bracket, further rotate
3/4 to a full turn.

CAUTION. - = o
Do not use the filter wrench for the installation of fuel
filters. ' Apply fuel
Do not dent or scratch the fuel filter surfaces. to gasket

8 After installing the new fuel filter, bleed the fuel sys-
tem.
Note: Regarding bleeding of the fuel system, refer to
~ "Bleed the fuel system" (3-2). v
9 Start the engine and let it idle for several minutes.
10Check the fuel filter mounting sections for fuel leak-
age. If fuel leakage is found, loosen the fuel filter
and check the gaskets for damage. If there is no
gasket damage, retighten the fuel filter.

fig.6-9 Fuel filter
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Chapter 6 PERIODIC INSPECTION AND MAINTENANCE PROCEDURES

Lubricating System

Changing Engine Oil, Oil Filters and Bypass Oil Filter

To drain oil or change oil filters, wear gloves. Hot engine oil and parts may cause burns.

o weoeo oo o CAUTIONG -
When changing engine oil, change the oil filters and bypass oil filter at the same time.
It is recommended to analyze engine oil properties at the same time.
Also change the oil filters whenever the filter alarm turns on.

Draining engine oil
To ensure thorough drainage, drain engine oil while it is still warm after engine operation.
Note: Do not suck out the engine oil when draining.

Oil filters and bypass oil filter

1 Clean the area around the oil filters.
2 Place an oil-receiving tray under the oil filters.
3 Using the provided filter wrench, remove each oil
filter.
Note: Check the filter elements in the removed oil filter
for metal particles. If metal particles are found,
consult a Mitsubishi dealer. Also change the oil

filters whenever the filter alarm turns on. 4 ) Filter wrench .
4 Wipe oil from the oil filt ting surf h Container
ipe oil from the oil filter mounting surface on the Bypass ol flter
filter alarm bracket with a cloth. v .
5 Check the new oil filter for proper seating of the i
gaskets. fig.6-10 Oil filters and bypass oit filter

6 Apply clean engine oil to the gaskets on the new oil
filter.

7 Install the ail filter. When the gasket contacts the
mounting surface on the filter bracket, further rotate
3/4 to a full tumn.

__CAUTION _
Do not use the filter wrench for the installation of oil fil-
ters.
Do not dent or scratch the oil filter cartridge surfaces.

Apply engine oil
to packing

fig.6—11 Oil filter
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Pouring engine oil
1 Reinstall the drain plug.

2 Remove the cap from the oil filler. ' ! * Oilfiller
3 Pour designated engine oil to the specified level.
Note: Regarding engine oil; refer to "Engine Oil" (4-4).
4 Check the oil level in the oil pan.

Pull out the oil level gage and wipe it with a cloth.

5 Insert the oil level gage fully into the oil level gage F
guide, then pull the gage out again. 12 I -
The oil level should be between the MAXIMUM and | oitlevel gage ﬁr
MINIMUM marks on the oil level gage. _ b @O
If the oil level is low, add engine oil of the specified

type. . fig.6-12 Oil filter and oil level gage

6 Check the oil pan and other parts for oil leakage.
Repair any oil leakage found.

7 Crank the engine for about 10 seconds or less
using the starters, and wait for about 1 minute.

8 Repeat the above cranking operation several times
to circulate oil in the engine.

9 Check the oil level with the oil level gage again, and
add oil if necessary.

o crank the engine, shut off the fuel supply to the

engine (keep the control rack of the fuel injection
pump in the OFF position) and operate the starters.

10Check the oil level with the oil level gage again, and
add oil if necessary.

Inspection of Engine Oil for Mixing of Fuel and Water

Sample 1 to 2 L [0.26 to 0.53 U. S. gal] of engine oil, and check for abnormal odor and discoloration to determine

the mixing of fuel and water. .

If fuel is mixed with the engine oil, the oil will smell like fuel.

If water is mixed with the engine oil, the oil will be milky white.

If fuel and/or water is mixed with the engine oil, contact a Mitsubishi dealer.

Note: Regarding replenishment of engine oil, refer to "Lubricating System” (3-4). ,
If the engine continues to operate with engine oil mixed with fuel or water, the engine oil viscosity
decreases and this can cause serious accidents such as seizing of bearings. If fuel or water is detected
in the engine oil, find the cause of the problem, and repair. If the problem cannot be corrected easily,
contact a Mitsubishi dealer.
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Changing governor oil filter

To drain oil or change oil filters, wear gloves. Hot
engine oil and parts may cause burns.

1 Place the oil receiving tray under the governor filter.

2 Loosen the air vent plug.and remove the drain plug.
Drain oil in the filter.

3 Remove the oil pipe from the center bolt.

4 Remove the center bolt and removet the case from
‘the bracket. Remove the used element from the
case.

5 Put a new element in the case using the center boit.

- 6 Install the case to the filter bracket. Tighten the cen-
ter bolt.

7 Install the oil pipe to the center bolt.

Install the drain plug.

9 Remove the air vent plug and fill up the filter with
engine oil. Install the air vent plug.

10After filling oil up, reinstall the air vent plug.

fig.6-14 Changing governor oil filter,
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Cooling System

Changing Coolant

emove the radiator cap only after the engine cools to
room temperature. Place a cloth over the cap, and
turn the cap about a half turn or stand the lever to
upright position to release internal pressure. Opening
the radiator cap while the engine is hot causes steam
and hot coolant to blow out, resulting in skin bums.
Coolant (containing LLC) drained from an engine is
toxic, and must not be disposed of into regular sew-
age. For disposal of used coolant, consult a Mitsubishi
dealer.

o - CAUTION - - o
The service life of LLC is 2 years. Be sure to change
coolant at least once every 2 years.

Draining coolant

1 When draining coolant inmediately after engine
operation, let the engine idle at low speed for 5 to 6
minutes and lower the coolant temperature to 70 to
80 °C [158 to 176 °F].

2 Open the radiator cap.

3 Place coolant receiving cans under the drain cocks
on the engine and water pump, and open the drain
cocks to drain coolant.

Cleaning the cooling system

1 Close the drain cocks or plug.

2 Pour a cleaning solution (non-corrosive solution to
rubber and metals) in the cooling system, and oper-
ate the engine at 800 to 900 min™ for about 15 min-
utes, then drain the cleaning solution.

3 Close the drain cocks or plugs.

4 Pour fresh water, and operate the engine at 800 to
900 min™ for about 10 minutes. -

Continue flushing the cooling system in the above
manner until the draining water is clear.

1 6-10

Turn cap about ! Stand the lever to
half a tumn upright position

ﬁg;6—15 Radiator cap

Left side Right side

fig.6-16 Draining coolant (Engine main parts)

Wateér drain
cock

fig.6-17 Draining coolant (Water pump)
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Pouring coolant

1 Make sure the drain cocks on the engine and water
pumps are closed tightly.

2 Remove the expansion tank cap, and pour undi-
luted LLC.

Note: Determine the amounts of LLC and water to be
poured by using the LLC concentration chart.
Regarding coolant, refer to "Coolant" (4-5).

3 Pour water (soft water with minimal impurities, such

as tap water) slowly to the full level.

4 Check the expansion tank and other parts for cool-

ant leakage.
If coolant leakage is found, repair.

5 When coolant reaches the full level, close the

expansion tank cap securely.

6 Crank the engine for about 10 seconds or less

using the starters.

Wait for about 1 minute, then repeat the above
cranking operation several times to remove air from
the water pump.

S i CAUTION: T
To crank the engine, shut off the fuel supply to the
engine (keep the control rack of the fuel injection
pump in the OFF position) and operate the starters. fig.6-19 Reserve tank

7 Check the coolant level in the expansion tank.

Note: Coolant to be added should have the same
LLC concentration as the coolant in the
engine.

Inspection and Cleaning Radiator Fins
Check radiator fins for holes and cracks.

To clean radiator fins, blow compressed air in the

direction opposite to normal air flow.

<,
CcC- .
‘S..' PR b

|
I
il

fig.6-20 Cleaning radiator fins
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Inlet Exhaust System

Inspection of turbocharger
T ACAUTION. . .

Make sure the engine is cool before inspecting the tur-
bocharger. Also check that the compressor wheel is
not rotating before inspection.

Disconnect the pipe from the air inlet side.

Hold the compressor wheel nut by hand and turn the

wheel to feel for looseness and listen for abnormal

noise. Replace the bearings if the wheel is noisy or

loose. '

Note: For replacement of the bearing, consult a Mit-
subishi dealer.

If the color of exhaust gas is abnormal, also achieve
inspection for the turbocharger.

Draining water from exhaust muf-
fler

fig.6-21 Inspection of turbocharger

T A CGAUTION

Do not touch the exhaust muffler immediately after the
engine stops operation because it remains extremely
hot for a while. Conduct work after the exhaust muffler
cools.

Remove the drain plug and allow water to drain from
the exhaust muffler.

6-12
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Drain plug

fig.6-22 Draining water from exhaust mufﬂer‘
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Cleaning Pre-Cleaner

o T ACCAUTION: T

Do not service the air cleaner while the engine is run-
ning. Maintenance of the air cleaner while the engine
is in operation can cause dust to enter the engine and
result in rapid wear of parts, leading to a shorter ser-
vice life.

Remove dust from the inlet side of the pre-cleaner

installed to the silencer of the turbocharger. Be sure to

keep the pre-cleaner clean to ensure optimum engine

performance. i '

1 Remove the pre-cleaner from the silencer, and
hand-wash the pre-cleaner with a mild detergent.

2 Rinse the pre-cleaner with clean water.

3 After drying thoroughly, reinstall the pre-cleaner to
the silencer. '

4 If the pre-cleaner is cracked or damaged, replace.

Water

(Wash) @ (Rinse)

\\/,
I \\§ cHinstall
(Dry)

fig.6-23 Cleaning Pre-Cleaner
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Cleaning and Inspecting Air Cleaner Element

Do not service the air cleaner while the engine is run-
ning. Maintenance of the air cleaner while the engine .
is in operation can cause dust to enter the engine and
result in rapid wear of parts, leading to a shorter ser-
vice life.

Never knock or hit the element.

1 Remove the air cleaner cap.

2 Remove the wing nut securing the element in
place. Pull out the element from the body, and
install a new element.

3 Blow compressed air (0.69 MPa (7 kgficm?) [100
psi] or lower) onto the inside surface of the element
to remove dust and other contaminants.

4 To remove dust stuck on the element, blow dry
compressed air onto the outside surface from a dis-
tance. Blow compressed air on the inside surface
toward outside along the net pattern.

Then, blow compressed air on the outside and
inside surface again.

5 After cleaning, place a light bulb in the element to
check for damage, pinholes and worn sections.

Body

Element

fig.6-24 Removing air cleaner element

"

CAUTION - _
If damage is found in the element or if the air cleaner
indicator shows red sign soon after the cleaned ele-
ment is installed, install a new filter element in the air
cleaner.

If the indicator shows a red sign, after the clean ele-
ment is installed, reset the indicator by pressing the
reset button. - '

6-14
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Electrical System

Inspection of Starters
Do not set the starter switch to the START position.
Otherwise, the engine may start operating unexpect-
edly.
Note: Check the exterior of the starters for damage.
If the starters are dusty, blow dirt using com-
pressed air.
If the starters are defective, consult a Mitsubishi
dealer.

Inspection of Alternator

Check the exterior of the alternator for damage.

If the alternator is dusty, blow dirt using compressed
air.

Remove the V-belt, and turn the pulley to make sure it -

rotates smoothly. :
Note: If the alternator is defective, consult a Mitsubishi
dealer.

fig.6-28 Inspection of Starters

Alternator

fig.6—-29 Inspection of Alternator
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Checking Battery

If electrolyte is spilled on the eyes, skin or clothes, y
eyes, flush immediately with lots of fresh water and see a physician.
Do not use flames near the battery. When handling the battery, be careful of sparks generated by accidental short-
ing. ; :
Regarding other cautions in handling the battery, refer to "Caution Service Battery" {1-5).

plenty of water. If electrolyte enters the

Inspecting electrolyte level

Electrolyte evaporates during use and the fluid level —_—
gradually decreases. The fluid surface should be

10 to15 mm
between the LOWER LEVEL and UPPER LEVEL /[0.394 0 0.591 in]

lines. If there are no level lines on the battery, make

sure that the fluid surface is about 10 to 15 mm [0.394

to 0.591 in.] above the top edges of the plate. If the

fluid level is lower, remove the caps and add distilled

water to the proper level.

Note: When pouring fresh electrolyte, pour the fluid _
carefully.

Inspecting specific gravity electrolyte
Check the specific gravity of the electrolyte. If the spe-

cific gravity measured at 20 °C [68 °F] is lower than
1.22, then charge the battery.

ELECTROLYTE
SURFACE

Table 6-2 Specific gravity of electrolyte

Specific gravity at - , ~ ELECTRO-
20°C [68°F] Condition Remedy LYTE

Fully

- GLASS TUBE
From 1.26 to 1.28 charged /
From 1.22 to 1.26 Charged Charge
Less than 1.22 Discharged Charge fig.6-31 Inspecting specific gravity electrolyte
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Air Starter System

Air starter strainer

1 Close the starter valve handle of the air starter
tank.

2 Remove the drain plug of air starter strainer and
drain water from the air strainer.

w

4 Clean the filter with diesel fuel, then blow com-
pressed air to dry.

5 Reinatall the air strainer as it is.

6 Open the air starter handie slowly.

Draining water from air tank

Slowly open the starting air handle of the air tank. If
the handle is opened quickly, the engine can start
abruptly and cause an unexpected accident.

Remove the cap and remove the filter from the cap.

1 Close the starting air handle of the air tank.

2 Open the drain valve handle located under the
drain valve on the front side of the tank to drain
accumulated water from the tank.

Note: The amount of drained water can vary depend-
ing on the relative humidity and air consump-
tion.

3 Close the drain valve handle after draining water.

4 Open the starting air handies slowly.

Inspection Safety Valve of Air
Tank

Check to make sure the safety valve opens to relieve
pressure when the air pressure in the tank rises
abnormally.

Air starter [ Air starter
inlet | outlet
Filter
Spring Cap
Packing Plug
fig.6—32 Air starter strainer
Starting
air handies

Drain valve
handle }

fig.6-33 Draining water from air tank

Safety valve

fig.6-34 Inspection Safety Valve of Air Tank

617
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Draining Water from Air Starter

Compressor

1 Check the starter valve handle of the air strainer
tank.

2 Remove the drain plug and drain water from the air
strainer compressor.

3 Install the drain plug after draining water.

4 Open the starter valve handie of the air starter tank
slowly.

Note: The air compressor model and shape differ on

the type of the engine.

6-18

Drain plug

fig.6-35 Air starter compressor




Chapter 7

LONG-TERM STORAGE

Lorig-term storagé

The following describes the method to store the
engine in a non-operable condition for more than
three months and the method for storing the engine in
an operable condition for more than three months.

If the engine is not properly prepared for a long-tenh
storage of more than three months, internal engine
parts can rust and become damaged. Be sure to fol-
low the directions below when storing the engine for
an extended period of time.

Storing Engine in Non-operable
Condition for More Than 3 Months

Preparation for Storage

1 Drain engine oil, and pour rust-preventive oil (NP-
10-1 to NP-10-3) into the engine. '

2 Prepare a fuel mixture containing 50% rust-preven-
tive oil (NP-8), and pour it into the fuel tank.

3 Operate the engine at a speed of 800 to 1000 min™
(idling) for 5 to 10 minutes under no load.

4 Immediately after stopping the engine, spray vola-
tile corrosion inhibitor (V.C.l.) through the inlet side
to prevent rust on the air intake system.

5 With the engine not in operation, drain the fuel mix-
ture from the fuel tank.

6 Apply rust-preventive oil (NP-3) liberally on the
exposed sections of the machine. .

7 Seal air inlet, exhaust outlet, breather and other

. openings with adhesive cloth tape.

8 Loosen the V-belt.

9 Wrap adhesive cloth tape on the terminals of the
starters and alternator, and seal the openings.
Cover these sections with polyethylene sheet or
processed polyethylene paper, and place desic-
cants in the polyethylene covers. ,

10Disconnect cables from the battery terminals, and
charge the battery. Clean the terminals, apply a thin
coat of grease, and store them in a cool and dry
room.

11 Cover the entire engine.

Note :(a) Store the engine in a well-ventilated indoor

location.

(b) Coolant does not need to be drained since it
contains long life coolant. (Add long life cool-
ant to increase the concentration between
30 and 60%.)

(o) Post a sign at an easily noticeable location
to warn that the rust-preventive oil in the
engine must be replaced with engine oil and
the fuel tank must be filled with fuel before
operating the engine.

(d) New engine oil may be used in place of rust-
preventive oil (NP-10-1toNP-10-3).

Table 7-1 Recommended Rust-preventive

Qil and Corrosion Inhibitor

JiS No. Recommended product | ~ Application -
Prvention of rust
NP-3 Nippon Qil Corporation on exposed
Anti Rust P-1400 machine sur-
faces
" " . Prevention of
K2246 NP-9 Nippon Qil Corporation rust on fuel sys-
Anti Rust P-2400 4
tem
NP- Nippon Qil Corporation Prevention .Of
102 Anti Rust P-230 rust on lubricat-
i il Rust - ing system
Ryoukc:uu Kagaku Prevention of
Z21519 | - V.C.I.Diana rust on air
volatile corrosion inhibi~ | |
tor intake system

Maintenance during Storage
Charge the battery once a month.

After checking proper electrolyte level in the battery,
charge the battery.
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Using Engine after Storage
1 Remove the cover from the engine.
2 Connect a fully charged battery.
3 Remove the covers from the starters and alternator.
4 Adjust the tension of the V-belt. '
Note: Regarding adjustment of V-belt tension, refer to
"Inspecting the V-belt and adjusting the belt ten-
sion” (6-2).
5 Remove sealing tapes from the openings of the
engine. :
6 Drain rust-preventive oil, and pour appropriate
engine oil.
Note: Regarding engine oil, refer to "Engine Oil" {4-4).
7 Fill the fuel tank with fuel, and bleed the fuel sys-
tem. -
Note: Regarding bleeding of the fuelsystem, refer to
"Bleed the fuel system” (3-2).
8 Inspect all sections of the engine.
9 Remove the rocker covers, and pour oil on the
valve mechanisms. N
10Crank the engine for about 10 seconds, and repeat
the cranking operation 3 times at an interval of
about 1 minute. '

.- CAUTION

To crank the engine, shut off the fuel supply to the
- engine and operate the starters.

11 Make sure the engine oil pressure rises.

12Starting the engine

Note: With regards to starting the engine, refer to
~ “"Preparations for Operation (Pre-Start Inspec-

tion)” (3-8).

13Conduct a warm-up operation to circulate oil
throughout the engine.

14Apply load and increase the ehgine speed to the
rated speed.

7-2

Storing Engine in Operable Con-
dition for More Than 3 Months

When the engine is not operated during storage of
more than three months, internal engine parts can rust
and lose oil film. As a result, the engine can seize
when it is started after storage. To prevent this, the
engine must be operated periodically for maintenance
purposes during storage. :

Operating Engine for Maintenance Pur-

poses

Operate the engine for maintenance purposes at least

once a month by following the directions below.

1 With no fuel supplied to the engine (press the
engine stop button to shut off fuel injection), oper-
ate the starters fwice at intervals of about 15 sec-
onds and check the engine oil pressure gage to
make sure the oil pressure in creases.

2 After the engine starts, operate under no load for 5
to 10 minutes.



Chapter 8
TRANSPORTATION

Lifting Engine Carefully

To lift the engine, use wire ropes, shackles and slings
capable of supporting the weight of the engine.
Attach slings to the hangers provided on the engine to
lift the engine.

Keep the engine balanced during lifting by considering
the engine's center of gravity.

Keep the angle formed by slings attached to hangers
within 60?. If the angle exceeds this limit, excessive
load is applied on the hangers and may damage the
hangers. ,

Attach wire ropes to the hanger after removing the

pipe cover and the insulator near the hanger for lifting.

To prevent wire ropes from contacting the engine,
place a cloth or other soft padding to prevent damage
to the engine and wire ropes.

Rear hanger
Front hanger
/
™ 1 Tt S
_f_ 8 8 .8 -8 __ _8
] }J | [Po!
M’y iy q ]
e Tl o °

fig.8—1 Hangers for lifting

The center of gravity

fig.8-2 The center of gravity for the engine
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Chapter9
TROUBLESHOOTING

General Precautions

Contact a Mitsubishi Dealer for Notes Regarding Parts Handling
Repair Service Handle parts carefully.

Repairing a malfunctioning engine may require spe- When replacing parts, use only genuine parts by refer-
cial equipment or potentially dangerous work, except ring to the parts catalog.

for relatively simple procedures such as the change
and addition of fuel, engine oil and coolant. In the
event of the engine generates a malfunction, contact a
Mitsubishi dealer.

Work Safety

Be sure to use wrenches of correct size. Using a
wrench of a wrong size not only damages nuts but can
also-cause personal injury.

Examination before Work Use correct tools and perform work with utmost cau-
Before troubleshooting, examine possible causes of tion.

the problem and try to see if the same problem has Be sure to estimate the weight of the part being dis-

occurred in the past. mounted. If the removed part is too heavy, it may fall
Check the parts that may be causing the problem in during lifting, causing damage to the part as well as

the most efficient order. ‘personal injury.

When disassembling a component, pay close atten-
tion to the disassembly sequence so that you can
reassemble the component efficiently.

Notes Regarding Contamination
Dust and foreign particles are the most common
cause of rapid wear of parts.

When disassembling a component, take measures to
prevent dust and foreign particles from entering the
component being disassembled. ’
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Chapter 9 TROUBLESHOOTING

How to Troubleshoot

Starters Do Not Crank or Cranl_( Slowly, Resulting in Start Failure

Table 9-1 Starters Do Not Crank or Crank Slowly, Resulting in Start Failure

Cause

" Remedy

Start failure

Blown fuse

Change fuse

Faulty wire connection between battery and
starter switch

Connect wire correctly

Faulty wire connection between battery, start-
ers and starter switch

Connect wire correctly

Insufficiently charged battery

Inspect and adjust V-beit tension. Refer to
"Inspecting the V-belt and adjusting the belt ten-
sion" (6-2)

Specific gravity of battery fluid too low

Charge battery

Faulty battery

Install new battery

Faulty starter or starter relay

Consult a Mitsubishi dealer

Lubricating sys-
tem

Qil viscosity too high

Use appropriate engine oil, Refer to "Engine Oil"*
(4-4)

Air in fuel system

Bleed fuel system, Refer to "Fuel System" (3-1).

Low fuel level

Add fuel

Change fuel filters,

Fuel system Clogged fuel filters Refer to "Changing fuel filters" (6-6)
Faulty fuel feed pump Consult a Mitsubishi dealer
Faulty fuel injection pump Consuit a Mitsubishi dealer
Engine Fauity movin_g parts(lnterfgreng:e bet.weer} ‘ o .
mechanical valves and pistons, or foreign items in cylin- Consult a Mitsubishi dealer

ders)

Starters Crank, But Engine Does Not Start

Table 9-2 Starters Crank, But Engine Does Not Start

- Qause.

Remedy

Fuel system

Empty fuel tank

Add fuel, and bleed fuel system, Refer to “Fuel Sys-

tem" (3-1)

Damaged fuel pipe

Consult a Mitsubishi dealer

Loose fuel pipe connection

Tighten connection, Consult a Mitsubishi dealer

Improper fuel

Use proper fuel, Refer to "Fuel” {4-2)

Dust or water mixed in fuel

Remove dust or water from fuel tank, Refer to
"Cleaning fuel tank” (6-5)

Clogged fuel filters

Replace fuel filters, Refer to *Changing fuel filters”
(6-6)

Faulty fuel feed pump

Consult a Mitsubishi dealer

Faulty fuel injection pump

Consult a Mitsubishi dealer

Air intake sys-
tem

Clogged air cleaner

Clean pre-cleaner, Refer to "Cleaning and
Inspecting Air Cleaner Element” (6-14)

Engine
mechanical

Compression pressure low (damaged cylin-
der liner, piston or piston ring, or faulty valve
seat or nozzle packing seal)

Consult a Mitsubishi dealer
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Chapter 8 TROUBLESHOOTING

Other Problems and Countermeasures

Engine Output is Low

Table 9-3 Engine Output is Low

" Cause. " .Remedy.

Engine oil viscosity too high

Use engine oil of appropriate viscosity according to ambient
temperature, Refer to "Engine Oil” (4-4)

Improper fuel

Use proper fuel, Refer to "Fuel" (4-2)

Insufficient air intake
(clogged air cleaner)

Clean air cleaner element, or replace if necessary, Refer to
"Cleaning and Inspecting Air Cleaner Element” (6-14)

Engine overcooling

Cover the radiator or consult a Mitsubishi dealer

Clogged fuel filter

Replace fuel filters, Refer to "Changing fuei filters” (6-6)

Insufficient cooling (overheating)

Consult a Mitsubishi dealer

Incorrect valve clearance

Consult a Mitsubishi dealer

Faulty fuel feed pump

Consult a Mitsubishi dealer

Faulty fuel injection pump

Consult a Mitsubishi dealer

Faulty fuel injection nozzles

Consult a Mitsubishi dealer

Incorrect fuel injection timing

Consult a Mitsubishi dealer

Low compression pressure
(worn cylinder liners, worn piston rings, etc)

Consult a Mitsubishi dealer -

Exhaust Smoke is White or Blue

Cause

Table 9-4 Exhaust Smoke is White or Blue

‘Remedy

Excessive amount of engine oil

Maintain correct oil level, Refer to "Lubricating System" (3-4)

Engine oil viscosity too high

Use engine oil of appropriate viscosity according to ambient
temperature, Refer to "Engine Oil" (4-4)

Overcooling

Cover the radiator or consult your Mitsubishi dealer

Faulty thermostat
(water temperature does not rise)

Consult a Mitsubishi dealer )

Faulty fuel injection nozzles
(uneven injection among cylinders)

Consult a Mitsubishi dealer

Incorrect fuel injection timing

Consult a Mitsubishi dealer

Low compression pressure
(worn piston liners, worn piston rings, etc)

Consult a Mitsubishi dealer

Improper fuel (low cetane number)

Use proper fuel, Refer to "Fuel" (4-2)
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Exhaust Smoke is Black or Dark Gray

Cause

Table 9-5 Exhaust Smoke is Black or Dark Gray

Remedy -

Improper fuel

| Use proper fuel, Refer to "Fuel" (4-2)

Incorrect valve clearance

Consult a Mitsubishi dealer

Faulty fuel feed pump

Consult a Mitsubishi dealer

Low compression pressure
(worn piston liners, womn piston rings, etc)

Consult a Mitsubishi dealer

Insufficient intake air
(improper ventilation, clogged air cleaner)

Clean air cleaner element, or replace if necessary, Refer to
- "Cleaning and Inspecting Air Cleaner Element" (6-14)

Incorrect fuel injection timing

Consult a Mitsubishi dealer

Faulty fuel injection nozzles

Consult a Mitsubishi dealer

Faulty fuel injection purnp

Consult a Mitsubishi dealer

Fuel Consumption is High

. Cause

Table 9-6 Fuel Consumption is High

Remedy

Faulty fuel feed pump

Consult a Mitsubishi dealer

Fauity fuel injection pump

Consult a Mitsubishi dealer

Incorrect fuel injection timing

Consult a Mitsubishi dealer

Improper fuel

Use proper fuel, Refer to "Fuel” (4-2)

Low compression pressure
(worn piston liners, womn piston rings, etc)

Consult a Mitsubishi dealer

Insufficient intake air

Clean air cleaner element, or replace if necessary, Refer to
"Cleaning and Inspecting Air Cleaner Element" (6-14)

(improper ventilation, clogged air cleaner)

Engine Oil Consumption is High

Table 9-7 Engine Oil Consumption is High

-Cause-

. Remedy:

Excessive amount of engine oil

Mamtam correct oil level, Refer to "Lubricating System"” (3-4)

Engine oil viscosity too low

Use engine oil of appropriate viscosity according to ambient
temperature, :
Refer to "Engine Oil" (4-4)

Engine oil leakage

Consult a Mitsubishi dealer

Worn cylinder liners, worn piston rings

Consult a Mitsubishi dealer

Worn valve stem seals

Consult a Mitsubishi dealer
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Engine Overheats

Table 9-8 Engine Overheats

~Cause - .. - . - oo 7oL .. Remedy
Radiator, heat exchanger leakage Consult a Mitsubishi dealer
Low coolant level Add coolant
Faulty water pump v Consult a Mitsubishi dealer
Faulty thermostat ' Consult a Mitsubishi dealer

Engine Oil Pressure is Faulty

Table 9-9 Engine Oil Pressure is Faulty
) Cause . - o P “ . Remedy .- .. )
Insufficient amount of engine oil Maintain correct oil level, Refer to "Lubricating System” (3-4)

Use engine oil of appropriate viscosity according to ambient
temperature, Refer to "Engine Oil" (4-4)

Replace oil filters, Refer to "Changing Engine Oil, Oil Filters
and Bypass Oil Filter” (6-7)

Engine oil viscosity too low

Clogged oil filter

Fauity oil pump Consult a Mitsubishi dealer
Faulty relief valve Consult a Mitsubishi dealer
Faulty oil pressure sensor Consult a Mitsubishi dealer

Note: (a) If the problem cannot be corrected easily or when a problem other than those listed above occurs, consult
a Mitsubishi dealer. '
When ordering replacement parts, provide the engine serial number. When requesting repair, provide the
engine serial number and service hour meter reading.

When Fuel Has Run Out

When fuel runs out during engine operation, causing the engine to stop, follow the procedures below to restart the
engine.
1 Return the starter switch to the OFF position.
2 Add fuel to the fuel tank. _
Regarding filling of the fuel tank, refer to "Cleaning fuel tank™ (6-5).
3 Bleed the fuel system.
Regarding bleeding of the fuel system, refer to "Bleed the fuel system” (3-2).
4 Restart the engine.

Regarding starting of the engine, refer to "Preparations for Operation (Pre-Start Inspection)" (3-8).
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Chapter 10
MAIN SPECIFICATIONS

Main Specifications

Table 10—-1 Main Specifications

"Engine mode] .. ... L " ST2RY1PTA - -
Type Water-cooled 4-stroke cycle, turbocharged diesel, air cooler
Bore x Stroke (mm [in.]) 170 x 180 [6.69 x 7.09]
Total displacement (L [cu.in.]) 49.0 [2990]
Combustion type " Direct injection
Compression ratio 15.0:1

Firing order 1-12-5-8-3-10-6-7-2-11-4-9

Rotation direction Counterclockwise as viewed from flywheel
Dimensions

(LXWxH (mm) fin.]) | Approx. 2320[91.411x1360[53.58]x1565[61.66]
Dry weight (kg [Ib.]) Approx. 4800 [10582]

Fuel Diesel fuel

Fuel injection pump

Mitsubishi PS6 type x 2

Fuel filter

Cartridge-type paper element, spin-off type

Fuel injection nozzle

- Hole type

Initial fuel injection pressure
{MPa (kgflcm?) [psi])

34.3 (350) [4979]

Lubricating system

Forced circulation type (pressure feed by oil pump)

Lubrication oil

Class CD or CF oil (API service classification)

Engine oil capacity
(liter [U.S. gallon])

~~ Oil pan: Approx. 150 [39.63]
Whole engine: Approx. 200 [52.84]

Qil filter

Paper element (equipped with bypass filter, spin-off type)

Qil cooler

Water cooled multi-plate (equipped with crankcase)

Cooling system

Force water cooling

Cooling water capacity
(liter [U.S. gallon])

Approx. 120 [33.03]

Starting system Electrical start
Starter 24V -75kWx2
Alternator 24V-30A
Turbocharger

Mitsubishi TF15 type or TD13 type x 2
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